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PREFACE 


Constwctnc Uses of Atomic Energ} attempts to brmg mto 
focus our present knov.ledge about nuclear euerg) especially 
its potentialities for purposes other than war The need for the 
wider dissemination of information on the subject is generally 
recognized but, up to now no compact source bool dealmg 
with the possible uses of atomic cncrg\ m nonmflitary fields 
has been available. The articles included represent the end re 
suit of a four >'eai search through a great mass of widcl) scat 
tered literature m an effort to find material W’hich would dispel 
the common misconccphon that atomic energ) is bc}'ond the 
comprehension of the laj-man Most technical books designed 
for the general public are wntten from the mside lookmg out, 
that IS from the standpomt of the scientist looking out— and 
often down on— his reader This collection has been compiled 
from the outside looking m— from the pomt of view of the 
la)Tnan gropmg caubousl) through the maze of facts and fal 
laacs regarding the atom and its energ) 

Because it IS a compilabon of contribubons from manj 
branches of sacncc and cngioccnng the book has wide appeal. 
Industrial executives wtU be furnished conclusive evidence that 
the use of atomic energ) in mdusb) is a definite, not a far 
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fetched, possibility Engineers and trained technianns already 
familiar with the prmaples of nuclear physics, will find cssen 
bal mformahon not heretofore available m one book. Those 
who fear the lethal effects of stray short wave radiations will 
be assured that, wth proper safeguards the atomic field pre- 
sents no more danger than docs any other hazardous occu- 
pabon 

The necessary hmitabon to only declassified and published 
mformabon obviously leaves many gaps No layman after 
readmg this book will understand atoms and atomic energy m 
detail But, m spite of ignorance concemmg how his car and 
his radio ftmebon, he does not r^rd them as complete mys- 
tenes If this book leads to bis acceptance of the fact of atomic 
energy and the possibflibcs of its use, it will have served a 
useful purpose. 

The three appendixes have been prepared pnmarily for the 
nonsaenbfic reader The Chronological List of Highlights af 
fords a bnef idea of the important steps m atomic research 
The Glossary defines m easily understood terms the many new 
words and expr e ss ions that nudear energy has mtioduced into 
our language. The Bibhography which lists some of the more 
recent pubheabons m the field, b intended primarily to serve 
as a guide to farther reading. Whenever possible, onginal 
sources are ated, and the scicebon of btles is based on the 
quality and conbnmng value of the matcnaL A unique feature 
of the Bibhography is the last scebon which reclassifies ah the 
btle* m terms of the source pcnodicals 

For permission to include these arbclcs I am mdebted to 
many authors and publishers, private mdustnes and govern 
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mcnt agencies Specific sources are stated m footnotes on the 
openmg page of each chapter 

This wlmne would not have been possible without the en 
thusiastic encouragement and mdispcnsable editorial counsel 
received from many people, among them Morse Salisbury and 
E- R. Trapncll of the U S Atomic Energy Commission s Di\i 
Sion of Pubbeand Technical Infonnabon, Dr Paul C Aebets- 
old. Chief Isotopes Dnision OaV Ridge Operations of the 
Commission Colonel James P Cooney M-C^ Armed Forces 
Special Weapons Project, Herbert Stephens Pnnters InJr, Dr 
Harold Blumbcrg, Endo Products Co and Ruth Hooper Lan 
son of New YorE 

Speoal thanks are due the following staff memben of the 
Atomic Energy Commission s Dmsion of Pubhe and Techm 
cal Infoimabon Dr A- F Thompson Bernard Fij and Mary 
C Des-ercaux, and Harry R, Gail and Robert T Scott of the 
Westiaghouse Electnc Corporabon. 

Finally I wish to acknowledge my debt to all the contrib- 
utois from whose painstaking arbcles the plan of this book 
grew and m the presentabon of whose UTitangs I ser.*cd merely 
as reporter Mj sincere hope is that this mdebtedness ivill be 
repaid by such added interest ra their work as this \-olumc may 
stimulate, 

Ncit York, N Y 
Mayi 
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CHAPTER I 


ATOMIC ENTiRGY 

AS A HUMAN ASSET^ 


BY ARTHUR H COMPTON* 


It is with diffidence that who ha\-c been worknig on the 
tcchiucal aspects of atomic coergj present before a group of 
e xperts our amateur thoughts with regard to its human imph 
cabons "^et acfaon is needed, and only bv boldlv presenting 
our thougfab for discussion can a reasonable basis for sndb 
acbon be reached- 

The abihtv to release atomic cnagy gjses maniand great new 
powers These powen can be used for good or ilL The first use 
of atomic energy was as a bomb whose ocplosion stopped short 

1 Tha d a p te r o hoed oo llie FranUm &[edal Lectnre, read Norember 16, 
1^5, m the SjTnposram on Atomic Ejia^ and £3 Im pT B rrfTO Tr t The matard 
o re p nn ted bj peiiiirmun from Procretuajs ct the Amenon PinlosopZricd 
Soe x ty ^ oL 90, No I J j n mf) 1946 

*Dr \rthar HoDt Compton, c to nn-nnf of Wubm^tnn U mvmrt r S- 
Lomj, and Nobd Pme wnmer (19 7) m the field of phjwj, directed the 
aori Wdm; to the *otld j £rrt dam rejctmj cTJnnnn pile at the UniTem*T 
of Chop) 
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a tragic war with the probable net savmg of some nuUioos of 
hvcs Its terrific military dcstnictiveness has made it necessary 
for us to consider afresh how we may avoid future wars The 
dramatic demonstration of its explosive power has however 
drawn attenbon ar^-ay from the significance of atomic energy 
to our mdustry our habits of life, and our culture. It is m such 
peacetime consequences that atomic energy will eventually 
mean most to man 

The atomic age has started as a period of keenest rivahy 
The rivalry is between nabons and social systems The pnic 
to be wxra is prospent) and w-orld Icadenhip It can mdude 
peace and secunt) If only we agree to place war beyond the 
power of nabons the race is sure to make hfe of greater value. 
Such IS the prospect of a world strengthened by unlimited 
power from atomic fission and forced away from war by the 
examples of Hiroshima and Nagasaki. 

HOW SHALL WE PREVENT ANOTHER WAR? 

World go\'cmment has become mcMtable. The choice be 
fore us is whether this gov’cmment ^'■31 be agreed upon or 
whether wc shall elect to fight a catastrophic third wnrld nar 
to determme who shall be master Unity by agreement will 
bnng greater life. Umty forced by another war will bring death 
to many mOhons and disaster to all mankmd. 

The primary funebon of this world goverament must be to 
prc\‘cnt mtcmabonal war With regard to its economic and 
cultural life the s\-orId has during the past century been dc- 
\clopmg mto a unit m nhich the w^dfare of each person de 
pen^ mhmatclv upon that of the rest of humanity We have 
indeed become "members one of another ” Such dc\'clopmcnt 
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has not, hcrive\Tr lesulted in political \\'OTld unity The great 
destructiveness of an atomic war even to the victor makes it 
necessary now for self-prescrvabon to insure peace. In a quar 
relsomc worid the only means of insuring peace is, hon-e\'er 
for the nabons to set up an mtcmational police force nhich 
monopolizes the power to wage war 

Now for the time, howeier it becomes feasible for a 
central authonty to enforce peace throughout the U’orld. Before 
World War II many parts of the earth u’ere difficult of access 
by a world pohee. If not a Magmot Lmc, at least a strong fight 
mg front could keep out a pohemg array Durmg the trnie re 
quired to brmg this pohang army to the scene the defense of 
the recalcitrant group could be strengthened. 

Toda) this IS changed- Fast airplanes long-range rockets and 
atomic bombs have now solved the techmcal problem of brmg 
mg to bear on any area at any time whatever dcstractw*e force 
may be required to quell resistance. A central authonty basing 
virtual monopoly of these major means of warfare can now be 
eqmpped to enforce mtcmational peace. 

The fact is that the Umted States now has m its possession 
a suffiaent monopol} of the weapons needed for sudi pohemg 
that it might be able to act m this capacity of wmld pohee 
That we do not set ourselves up as the world governors is 
simpl) because we do not want the job We feel that world 
control IS the world s busmess not oun We know that, if we 
should use armed force to prevent other nations from fightmg 
when our own mtcrcsts were not directly threatened, we should 
be considered meddlers and should gam only the fear and hate 
of other nations Wc should prefer to withhold onr fightmg 
pow er unless our own safet) is directlv threatened, and confine 
our pohemg actnitj to our own reasonable share m keeping 
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order within nabons that arc not now able to look after thca 
own interests or that may become dangcroos to us if not Jcqrt 
under conboL 

Ne\'ertheless looking ahead it is clear that no mere strength 
ening of our own might can keep us safe. Our safety cannot be 
kept secure by our own nuhtary development without mtema 
bonal control of the new weapons Whatever our strength, 
others also can arm so as to mflict upon us disastrous damage 
if war should come. What is needed is an agreement which 
wiD make our safety much surer than could result from oar 
own armed might and which will at the same bme provide for 
ehmmabon of mtemabonal wars elsewhere throughout the 
world. It IS such an agreement that wc should seek, sincerely 
with determmabon and with faith that it can be attained with 
reasonable promptness. The important step® that has )ust been 
made m this direcbon by the President of the United States 
and the Prime Ministers of Great Bntam and Canada should 
be welcomed by the entire world. 

I am not much concerned with the precise answer to the 
quesbon of how long it would require before other nabons 
could be prepared to challenge us with atomic weapons I know 
they will not do so for the noct five years After twenty five 
unless some mutual agreement prevents their develop- 
ment, such countnes as Bntam Russia and France could arm 
themselves with weapons snnflar to ours if thty should want 
to spend the necessary effort. The bme required would not be 
greatly affected by whether we hold to our own secrets or not 
It IS m any case only a small part of the hfebme of our nabon 

* Apeed dedxnboD bj tbe Fresidait of tbe Umlcd Stata of Amcrict, tbe 
PmBc ^tmoler of (he Umted Khigdoox, end tiie Prone Mmtrtcr of Canada, 
ugned It Wailnngton, D C Novemlw 15 1945 
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that would elapse before we should be faced with the awful 
possibflity of an atomic war 

As has been seen by the heads of our governments, now is 
the tune when mtcmahonal agreements can best be made to 
prevent such a catastrophe. Other nations have not yet devel 
oped a pride m theu atomic might which could give them 
dreams of world mastery Our own effort has paid for itself 
many times over by stopping the course of World War IL All 
nations are now lajang plans for the postwar years and it will 
be much easier to shape these plans now on the basis of world 
government than to stop the wild development of a renc^dc 
nation by imposmg emergency mflitaiy controls after it is set 
m its course. 

It may be worth reviewing just what we mean when we refer 
to the great destrucbvencss of war in the age of atoms If the 
future demands it, saence secs no reason to doubt that atomic 
weapons can be made that are related to the present atomic 
bomb much as the block buster is to the blunderbuss Yet even 
the present atomic bomb is a highly effective weapon If one 
bomb will devastate four square miles and damage a hundred 
square miles how many bombs are needed to destroy all of 
a nabera s concentrabons of fighting and mdustiial facflibes 
above ground? Will it be lOO i ooo or 10,000? That is a ques- 
bon for the mihtary to answer It has been demonstrated that 
whatever bombs arc required can be produced and dchv'crcd 
to then targets 

Let us b) to imagine what ina> be expected to happen if a 
war between two major powers should break out m 1970 Wc 
ma) assume that b) thistimcbolh sides will have such weapons 
m whatever amount they consider necessary and of greater dc 
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stmctivcness and vancty than those now possessed by the 
United States Because of the enormous advantage of surprise, 
Pearl Harbor tactics will be employed Jet-propelled planes or 
rockets wth atomic warheads will be sent \vithout wamrag at 
each of several hundred of the enemy s major produebon cen 
ters No aty of over 100,000 population will remam as an 
effective operatmg center after the first hour of the war At 
least 10 per cent of the attacked nabon s populabon will be 
wiped out m the uutial blow If this nation elects to fight back, 
rockets and planes from hidden mstallabons will cany the 
reply The attacker m this case can expect no mercy Though 
his abzens may have immediately moved underground ha 
great abes as wcD as his surface produebon plants will be 
annihilated The fightmg will continue until one side chooses 
to surrender or is unable to resist its opponent s army of occo- 
paboou 

If the United States should be party to such a war we should 
expect Philadelphia with such naghbonng abes as Reading 
and Wilmmgtoti to follow Hiroshima and Nagasaki into 
obhvioiL With the destruebon of these abes wc should expect 
about one out of every four of Ihar inhabitants to be killed 
If our nabon should cvmtually wm what would we have 
gained? Perhaps the control of the world But of what value 
would this be with our avilizabon gone and our population 
decimated? 

No feasible means of prevcnbng the bombs from rtrilong 
their targets has yet appeared on the horizon Only two counter 
measures have so far been proposed The first is to disperse our 
abes preferably mto hilly regions so that more bombs will be 
required to destroy them The second is to place all mflitary 
mstaDabons and essential mdustnes underground and provide 
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emergency underground shelters for all the populahon Clearly 
such measures senously mterfere wth our normal life. So 
indeed, w-as it mcom ement m the imddle ages to h% e in a castle 
on a hilltop but safeh m a world of robbers demanded such a 
life, SirailMly now until posihx'C assurance can be obtained of 
sccunty through an intemabonal mflitary force, \vc ha\'e no 
aUemabsc but to prepare such shelters and scatter our popu 
labon Death is worse than mcon\emcncc. 

We must keep m mind that, when all arc armed with atomic 
weapons no supenonty of one nabon can free it from danger 
of great damage by another One man may own a 22 target 
pistol and another a higb-powcr hunbng nfle. But neither is 
insurance against murder by the other The insurance is to take 
away both guns or the fear of punishment by the pohcc, or 
most surely of aD the dc\‘elopmcnt of a social consaence for 
which murder becomes unthinkable 

Is there then any procedure which can free us from the threat 
of annihilabon? I bclicr-c there is It makes howe\-cr the hard 
demands of sacnfice of nahonal soi-eragnty and of faith in 
other peoples that will gi\‘e them a share m the rcsponsibihh 
for out own sccunty 

In the statement^ issued bs the heads of the gov'cmmcnts of 
Great Bntain Canada and the United States plans arc laid 
looking toN\urd ‘"enbreh eliminating the use of atomic cnergv 
for dcstrach\*c purposes and promobng its y.^dcst use for in 
dustnal and humanitarian purposes ” They “emphasize that 
the rcsponsibilih for dcsising means to insure that the new 
discov-cncs shall be used for the benefit of mankind instead of 
as a means of destruction rests not on our nations alone, but 
upon tlic whole anlizcd world 
p ^ footnote 3 
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Let us suppose that the United States, Russia and Bntam 
agree to transfer their own total power to wage intematioiial 
war to a joint Mflitary Commission. It will be better to include 
France and China as the other permanent members of the 
Secunty Council so that the Mflitary Commission can function 
within the framework of the United Nations Org^izaboiL 
This Commission will have placed under its orders the united 
armies, navies, and war weapons of the member nabons lb 
charter will give the Mflitary Commission the responsibihty 
for stopping any armed conflict between nabons that may 
arise, mcludmg wan m which the member nabons are them- 
selves parbapants Tlus responsibihty can be earned out smcc 
the major nabons will have contnbuted to the Commission all 
of thar own fighbng strength except that needed for thar m- 
temal pohcing. To be effecbvc it seems obvious that the acbons 
of the Mflitary Commission cannot be subject to the veto 
power of any smgle nahon but must be conboDed by the joint 
acbon of some such group os the Secunty Council For con 
crctcncss we may suggest further that this Commission ha\e 
its seat m Canada with its headquarters at either Ottawa or 
Vancouver Canada will accordingly be the home ground of 
the combmed armies the home waten of the combmed navies, 
and m its vast temtoncs will be dispersed the atomic weapons 
of the member nabons ready for use m case of emergency 
As thus cn\'isagcd the mibtaiy sbength of the Commission 
would be so great as to make hopeless the effort of any mdi 
vidual nabon or group of nabons to challenge ib power At 
first all the sbength m atomic weapons would be conbibuted 
by the United States The other member nabons would, how 
ever contribute armies and planes and guns according to thar 
proporbonatc share. 
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WTien the agreement u leflched to the sabsfachon ot the 
member nations the ‘know-how” for produang atomic r\’cap- 
ons wwild be passed on to the Comnussion w hich these nations 
entrust with their united mUitarj power From then on there 
wnuld be no reason wh} atomic bombs should be made by an) 
other group here or m an) other countr) Nor is fliere an) 
reason wh) until such an a gr e em ent is reached, the techmeal 
secrets of atomic weapons should be released from the coun 
tnes that now hare them 

The far-Tcadung agreement here suggested is perhaps one 
that cannot be attained at one step Time will be rerjiitred to 
make the needed readjustments of our thinkmg But the ter 
I riblc threat of atomic war which hlr ) R. Oppenhenner^ de 
scribed so graphically is upon us and makes it necessar) for us 
, to make these readjustments before time runs out 

In the exploitation of the peacetime uses of atomic cneig) 
each nation will need to gi\-c smtable assurance to the others 
that its own control of its atomic industry is such as to prey-ent 
the malcy'olcnt dcselopmcnt of weapons b\ an) group mthm 
^ Its borders it is essential that such assurance include proNision 
for the mspcction to an) ertent that ma) be necessar) by rep- 
resentatives of the international Commission 
We arc thus proposing that mtcmational wars be outlawed 
and that responsibility for preyentmg wars be pbeed in an 
international Military Commission that yvih act under the 
direction of tlic Sccunti Council of the United Nations Or 
ganration This Military Commission with its headquarters 
pciliaps in Canada yvill monopolize the armed forces of the 
nations that enter the agreement except those needed for m 

rrocctdmsJoflhcAmoicanrhibiOplucalSocjct) \oloo No i larnurr 

i<H6 ’ ^ 
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tcmal pobang Under its supervision atomic v\*capons will be 
produced solely for its own use. The member nabons will 
undertake to p^c^'cnt the illicit produebon of fissionable mate 
nals mthm thar own boundaries and this wiD be supported 
b} pcrmittmg complete mspeebon of their acfavibcs b) agents 
of the Mflitary Commission 

If the nabons follow such a procedure wth courage and 
determmabon it w'ould seem possible to insure the bamslunart 
of mtcmabonal wars It wiD then be possible to de\'clop with 
assurance the peaceful fruits of atomic energy 

Two altemabir’cs has c been suggested to this idea of presen 
mg our safet} through an armed mtcmabonal Commission 
One IS atomic disarmament The other is mamtammg our own 
strength on a condusn cl) higher level than can be attamed bi 
an) combmabon of other nabons 

I am convmced that atomic disarmament would be a fatal 
mistake. The proposal we hai-c been discussing caDs for the 
rcsignabon b) c\-cr) mdindual nabon of the nght to make and 
possess atomic WTapons but it males this outlawing effective 
In placmg atomic weapons at the disposal of the United Na- 
bonsSccunt) CounaJ An agreement to stop producing atomic 
bombs would onl) make it possible for some ambibous nation 
to dc\*clop them with the hope of gammg the master) of the 
world, and our destruebon would be the result 

For a number of )ears 1 believe we could as a nabon mam' 
tarn mihtar) sbength greater than anj group that might oppose 
us Such a pohc) would, howc\-cr tend to unite the world 
agamst us, w hich would m the long run be disastrous It is bn 
thcrmorc, doubtful whetlicr over some peaceful decades our 
nabon would conbnuc support of our armed forces adequate 
to maintain a high lc\ cl of supenonty We should then become 
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vubcrable to the nahon with the long harbored grudge or the 
newly developed commercial nvaliy 

The answer is rather to outlaw war itself And this can be 
doue by a strong world pohcc which has at its disposal more 
powerful weapons than any recalatrant nabon can hope to 
acquire. 

It IS clear however that whfle working for such an agree 
ment for a united mtemabonal armed force we, as well as other 
nafaons cannot a\oid the pobcyofmamtaming our own armed 
might at a level that will make attack by a potential enemy 
unprohtable. When our efforts for agreement arc successful, 
our weapons and an appropriate share of our Arm) will be 
turned over to the Commission For the bme being, only we 
are able to produce such weapons and it is oin task to see that 
they are made available for this world pohee.” Thus the Com 
mission will start with the strength necessary to fulfill its 
responsibihbes If b> some mischance the attempts at an agree 
ment should fail, oui strength will he doubly needed to dis 
courage attack from an) potential enemy 

There is thus real hope that another atomic bomb ma) ne^trr 
be used in war and, thanks m part to atomic W'eapons that 
mtemabonal war ibclf may already be obsolete. 

TIIE PEACETIME IMPLICATIONS OF THE RELEASE 
OF ATOAHC ENERGY 

Enough regarding the dcstractn'c uses of atomic energy Of 
much more interest is its use as man s willmg senunt In the 
long run it can hardl) be quesfaoned that the peaceful apphea 
bom of atomic cncrg\ will be those that will most profound!) 
affect our In-cs ^Vhat these important appbeabons will be is 
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hownrr as difficult to predict as it would have been a ccntnry 
ago just after Farada} laid the scientific basis for clcctnal 
engmeenng, to tell the future meaning of clectnaty At thu 
moment the ob\iously great fidd open to atomic energy is that 
of production of useful heat and por\'cr We also see nnportact 
though limited medical and mdustnal appheabons of laAo- 
acb\e materials arbfictally produced by atomic cham rcactons. 
Perhaps more significant than either arc the new vistas that 
win be opened up by sacnhfic experiments that maJx use of 
the by products of atomic fission 

Such had mdeed been the case with such discovencs as x ray 
Fifty years ago it was evident that X rays were useful for seemg" 
through objects such as the human body, which arc opaque to 
ordinary light It could not be predicted that x rays would 
come a powerful weapon m the fight against cancer or that 
researches made by X rays would reveal the electron and with ft 
give us the radio and a host of dectronic devices 

Such unforeseen devdopments are the result of every great 
discovery of sacnce. It will neverthdess be worth nobng some 
of the defimte piacbcal appheabons of atomic energy that rvt 
can now see dearly before us 

At present controlled atomic power m the form of heat is m 
contmuous produefaon m large qoanbbcs at scvaal plants, 
especially those at Oah Ridge, Tennessee, and at Hanford, 
Washmgton The heat from these plants is a by-product 
is earned away m the one case by air and m the other by a 
stream of water The useful product is neutrons which arc used 
m the plant as a means of transmuting certam chemical de 
ments to others of specially useful charactcnsbcs. Of these 
transrautabon processes the most important one is that of 
uranium into plutomuiiL Previous to the fission chain rcacbou 
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the most abmidant souicc of neutrons vras the cj clotron which 
operates on elcctnc pou’cr Per kilowatt of energj used, the 
fission cham reaction gi\*cs some io/xdo bmes as many neutrons 
as a cj'clotron, and it is not difficult to make a fission cham 
reaction plant that dehvers 100 tunes as much pon'er as is used 
by a cyclotron This means that right non ne are usmg large 
amounts of atomic power many tunes more effiacntly for the 
particular process of producing neutrons than the best elec 
tncal machme that n*e hzve been able to dense. 

Lookmg to the future, vre maj expect the use of neutrons as 
a means of produemg new elements hy transmutation to be 
come of mcreasmg importance. Plntomnm is a concentrated 
source of available energy and will be a laluablc material for 
peaceful purposes as well as for bmldmg ntapons 

Other artificial radioactive cleinents especially radioactn-e 
ones will also find use m medicme, m industry and m man} 
branches of saence. It is yet too carl) to sec dearly how unpor 
tant these uses may become. 

We ha\T not yet built an atomic pon‘er pbnt that is gen 
crating dectneal pou'cr If there were suffiaent demand for a 
demonstration a reasonabl) effiaent plant using superheated 
steam for dnvmg a turbine could be put into operation mthm 
a year Before, bovk'evcT such pbnts can be made econotmeal 
compebton with aasbng ptacbcc, a number of years dei'dop- 
ment will be required. 

^^^lilc there arc sc>’cral other possibihhes the most obMOus 
method of produemg power from atomic fission is to heat a 
cooling agent such as air or steam or hqmd metal m the cham 
reactor unit and pass this heated coolant through a heat ex 
changer which beats the steam for dming a tuibme. Be}-ond 
the licat exchanger of such a plant cs-ervthmg would be done 
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according to standard practice. Up to the heat excbango 
all the design requires new features, among them protection 
against the extreme radioactivity of everything, mcludmg the 
coolant that has been exposed to the neutrons 

The chain reactmg unit itself can assume many forms The 
one essentia] is that it shall contam a fissionable substance tudi 
as uranium either m its natural state or if a small umt is dc 
sired, ennehed s\ith addibonal U**® or plutonium H. D 
Smyth, in his offiaal report,* has described m some detail how 
this actr\-c material can be combmed with a moderator such a 
carbon or berylhum or heavy \vater so as to bnng about the 
cham reacbon 

The large atomic powa plants now used for producing pb- 
tonium have m them many tons of natural uranium and 
graphite. By usmg uranium contanung more than the nsml 
fraction of U*®®, cham reacting unite have been built that arc 
of much smaller size. 

There is hcm'c\-er a lo^'cr limit to the size and weight of an 
atomic power plant that is imposed by the massive shield 
needed to pre\Tnt the neutrons and other dangerous radubons 
from gettmg out Next to cosmic rays these radiabons arc the 
most pcnctrabng that we know and, for a plant designed to 
dchw for example, no more than loo horsepower arc enw 
mously more mtense than the rays from a large suppl) of 
radium or an x-ra^ tube. To stop them a shield equivalent in 
weight to at least 2 or 3 feet of sohd steel is needed. There arc 
basic laws of phj-sics that make it appear very unlikely that 1 
hgbter shield can be doised. This means that there is no 
reason to hope that atomic power umts for normal uses can 

• II D Accoant of the De»<iopineiit erf Mcthodi d Utht f 

Euagy for Milrtuy Parposes Umfer fhe Aim7?cc5 of the U S Cottrameof. 
29.^0-1945 \\ ar flepartrocnt, V c hi ngton, D C Aagust, 1945 
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be built that will wagh less than perhaps 50 tons Dn\Tng 
motor can or airplanes of ordinary size by atomic power must 
thus be counted out 

Prominent among the advantages of atomic power arc the 
extraordmarilv low rate of fuel consumption and consequent 
low cost of fuel, the wide flcnbilitj and easy control of the rate 
at which power is developed, and the complete absence at the 
power plant of smoke or nonous fumes With regard to fuel 
consumption when completely consumed the hssion energy 
available from a pound of uramum is equivalent to the energy 
obtamed from burning over a thousand tons of coal. With the 
prewar pnee of uramum ondc at roughly $3 per pound and of 
coal at $3 per ton this would mean the economical use of 
uranium as fud if only one part in a thousand of its a^■a^Uble 
energy u used Actually we should expect the first plants built 
for producing atomic power to be considerably more efficient 
than this m their use of the fission energy which would mean 
a substantial cost advantage in favor of uranium One must 
consider also however the need to punfy and fabneate the 
uranium mto the desired form For certam types of power 
plants under considcrabon some separated U**® is required 
and this is expensive. Attempting to consider all such factors 
it appears that the fuel cost of the atomic power plant of the 
future will nevertheless be small as compared w'lth the corre 
spondmg fuel cost of a coal bummg plant 
In considermg the economic aspects there are, how*evcr 
many other factors It is not really possible for these to be ex 
plored until we have actual experience with atomic power 
plants Fust is the capital cost Clearly if one must charge 
agamst the capital cost what is spent m research and dev'clop- 
raent this cost is \rry high mdeed. If however one looks down 
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the line to a bfllicm-dollar-a^^ear nabonal indostry based on 
atomic power, the nabon can afford a considerable mvestment 
in the research and din'clopment reqmrcd to btmg this mdos- 
try into bemg \Vhcn this development is completed, it ap- 
pears not unlikely that the cost of budding and mamtammgi 
largc^cale atomic po^s’cr plant may compare fa\'orably wrtb 
that of a coal-consuming plant of the same capaaty 

Much remains to be learned hown-ci regarding the mctal- 
lurgical and other technical problems mwlved m constructing 
a successful plant to transform fission energy cffiacntly mti) 
high temperature heat The materials to be used may be a 
pensive. The designs arc, nevertheless essentially simple. An 
inherent advantage of the atomic power unit is that the heat 
sources i the uranium blocks can readily be mam tamed at 
any desired temperature regardless of how rapidly the heats 
being removed- This means that a relabv’cly smaD-size hcatc 
umt will be needed and that corrosion due to excessive hcatnig 
is controDablc- 

Thc temfic blasts productti by the atomic bombs have led 
to unwarranted fear of acadcntal explosions rcsultmg from the 
normal use of atomic pcm-cr Explosions sneh as dcstrojtd 
Hiroshjma cannot occur acadentaUy Such explosions most be 
carefully planned for The dangers of explosions of the 1)0061 
^"pc with an atomic power plant arc about the same as with 
a steam plant, v.hich is to say they arc pracbcally negligible if 
the plants arc designed and handled b) competent engmccD. 

There IS, nc\-crthelcss real possibflity of damage to health (rf 
the operating personnel from ioni 2 atmg rap emitted b} the 
plant itself and b) all materials that are taken out of the plant 
These materials could also become a public hazard- This is the 
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problem of the health of radium and x-ray worten on a grand 
scale. That the problem can be soU-cd is shorni by the fact that 
m all the opcrabons of the costing half dozen or mote such 
plants some of which ha\*c now been worbng for jrars, not a 
smglc scnous exposure has occurred This hmve\‘er is due to 
the thorough mspection and vigilant care given b) the health 
staff In some of the ccperiraental work we ha>’e not been so 
fortunate. Until W't become much more familiar with nude 
omes than we arc at present, atomic power plants can be oper 
ated safelj and setMced only with the help of health super 
\isors who are familur with radiological hazards 

All this pomts toward using atomic power first m rclatiN'cly 
large UJiib where careful engmeenng and health supervision 
can be given An obvious suggestion is its appheabon to the 
povv'er and heat suppl) of abes and of large mdustnal plants 
Within ten )‘cars it is not unlikcl) that the power companies 
designing new planb for at) service wiU be considering favor 
abl) the use of uranium instead of coal for purel) economic 
reasons 

This of course does not mean that atomic power will put 
coal out of business Each will have ib own field. For small 
licating unib such as the htchen stove, atomic power has no 
place. If our nahonal cconom) grows as it should coal as a 
clicmical agent as for example in blast furnaces and prepara 
bon of organic chemicals will increase in importance. 

from tlic pomt of view of the nabonal cconomj the mtro- 
duction of such a nnv source of power is a clear gam If it will 
lessen tlic cost of heat and power to our cities it will be a sbmu 
lus to ever} mdustr} If it reduces the pall of winter smoke, it 
will be a boon to us all If it gives cheap power where mdustr) 
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and agnciilturc need it but cannot no\\ get it, it will edend oci 
economic frontiers These arc possibilibes that lie immediatdv 
before us 

ATO\nC ENERGY AND OUR WAY OF LIFE 

Atomic energy is just one more step along the path of tech- 
nological progress It may howexer be the supreme gift of 
physical saence to the modem age. Clearly its value will be 
determmed bj the use to which it is put It is especially worthy 
of note that, along v,ith other techmeal adx-ances the effect of 
atomic pox\*cr is to force human soacty into new patterns. This 
need for human growth to meet the rcsponsfbihty of atomic 
power IS the basis of Norman Cousins strifcmg statement that 
modem man is obsolete," 

Let me note briefly three such cflPccts of technology on so- 
acty that can be dearly recognized These are, first, toward 
greater cooperafaon second, toward more trammg and ednea 
bon and third, tox\*ard cxuloating one s life m terms of serxicc 
rendered to the commurnty 

Fust, the soaety that is adapted for suTMX’al m the modem 
world IS one m xxiuch an mcrcasmg degree of cooperabon oc 
curs between dixTise groups spread over ever larger areas As 
an oample, consider the atomic bomb project, in which about 
a milhon people of all types and desenpbons spread through- 
out the nabon worked together to gam a needed result that 
could be achieved only 1^ a great coordinated commuriib 

In no field is the groxxing nnportance of such cooperabon 
more exidcnt than m that of scientific rcscarclL Faraday a cen- 
tury ago was one of the fint professional saenbsts Working 
by himself be cov ei ed the whole field of cicctnaty and macb 
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more besides Sixty )-cars ago Thomas Edison organized ^hat 
was perhaps the first research team to \\orV ssath him at Menlo 
Parll Nois our country has thoosands of research laboratones 
From 1900 to 1940 our tim\-ersihcs de^’eloped organized re 
search groups for stud>'mg specific problems Astronomers built 
specialized obsen-atones Research centers greu for studjmg 
diseases Teams of physicists built cyclotrons and sun’e}Td 
cosime ra}-s oior the world When the uar came cooperatn-e 
research became of greatlv mcrcased size and effccbi'cness 

The de^olopment of the methods for pioducmg plutonium 
IS typical At the peal there were engaged on this one problem 
roughl) 5 coo laborator) uorlcrs m more than 70 locations 
studjing its different aspects Not oal} theoretical physicists 
and nuclear chemists u ere needed. Equally vital u‘erc corrosion 
experts and metallurgists and hematologists and meteorolo- 
gists laborator) technicians mechames and office worlers of 
man) kmds No one penon could be skilled m c\-crv field or 
understand even the meaning of the ansuers to the man) prob- 
Icms But somehow the group mmd integrates such knowledge 
into the useful foim that results m a process that successful!) 
produces plutoiuum 

There remains, happily a raluahle place for the mdmdoal 
research man who mastca and adr-ances his own limited field 
of study His speaaltv howe\Tr is of little \-aluc except as a 
part of a broader field. More and more we find that c\-cn m a 
limited field a team of men with different speaalbcs uorkmg 
together does the most effectn-e work. New thoughts dcxclop 
in their discussions More refined techniques are a\'ailablc. A 
team which thus supphes a comhinabon of ongmality and 
special sknis is the pattern tow-ard which research is mo%'mg 
Cooperabon IS thus the serv lifeblood ofasoach based on 
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nght to li\’e their own lives m the puismt of happiness v,ithoat 
mmeccssai) restnehons^ not primarily the opportmiity to shape 
a better soaetj No^\ both capital and labor stm*c to justif}' 
their position m tenns of the usefnlness of their contribntiaD 
to soaety and oar nabon has fought a war with unparaDckd 
unanimiiy because onr lo)alty to the common cause made m 
ready for any sacrifice. 

We hair not had m this country promment moxTmentJ 
similar to that m German) where the )t)uth was whipped to 
patnobc ardor by the call to lose one s self m the greater good 
of the state. Nor has any "cause” m this countr) perhaps rod 
with the wide response the Russians ha\’C gn-cn to commaninn 
as a pohbcal system m which each person consaousl) woris 
for the good of alL Yet Amcncans respond to many calls to 
smice. As members of saenbfic soaefaes we are aware of oci 
own mcreasmg attenbon during the past generabon to the 
soaal responsMibes of saeoce and saenhsts The present 
actn-c concern of the saenhsts about the pohbcal dispositioo 
of the atomic cnerg) problem is apparently only a icprtscctJ' 
tn e example of the amaeh of orryonc m the nabon that, with 
the great issues with which humamty is faced, his own acbotc 
may help rather than hmder a ^x)d solubon. The greater pow 
ers placed m our hands by tedmolog) seem mdecd to male ® 
more acutely aware of our responsibihty to use these powers 
for hrnnan ends that go bc)^!^ oursclses 

T\pical of the forces wxrrbng m this dneebon is the recog- 
nized need that our form of soact) must attam its fuBot 
strength if it is to sum\-e m the fierce compebbon of the p®t 
war world. We base come to realize, howe\‘cr that our strength 
hes m the many milhons of our ahzcns who arc worlong efr 
acntly and loyall) at the nabon s tasks Widespread cducahoo. 
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encoinagancnt oJ each mdiMdroA to stel^ fot the place nv the 
game ’^’hcrc he can play best, opportumt} for advancement and 
Icadcnhip-flll these ha\-c helped to strengthen our soaet) 
Sclf-prcsenabon demands that all possible effort be given to 
enable and encourage c\'cr) abzcD of the coirnhy to contribate 
hus best to the needs of the natron To attain this result, culh 
vabon of the spmt of seiMce is of first nnportancc. 

The e\'olutionat) law of the suiMi-al of the fittest apphes to 
soaebes as well as to indinduals According to this law the 
soaet) of the future will mentablj adiancc along these lines 
of cooperab\*cness of cducabon and of indmdoal concern 
widi semce toward the common wd^aic. If sdfish interests or 
an Hi-adapted fenn of government should prevent onr growth 
along these lines some other nation or group that can develop 
thus more rapidly will pass os bj 

You will note that these factors that gn-c strength to soactv 
are prcoscl) those that characterize the bluest type of abzen 
Coopoahon he likes to work with others on a common last 
Fducabon he has learned to do his otm useful task and to 
share mtcHigently m sohmg pnbhc problems Smicc the cen 
tral ob|ecb\'c of his life is to contribute to the common welfare 
the maximum that his abflibcs make possible. These also arc 
the factors that make bfe of greatest Nnlne to the mdmdual 
humdf 

hh poult IS this the release of atomic energy is rocicl) the 
most recent important step of that stcadv progression of science 
that is compelling man to become human He must pa\ care 
fol attenhou to cooperabon cdacation, and scr\tce for the 
welfare of soaet) if he is to tbrnr under the condibons that 
science imposes If wc will let ouisches grow as thus indicated 
the cn-flezabon of the atomic age promises to be the nchest that 
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history has known not only with regard to material bounty 
but also m its culhvabon and apprcoabon of the truest human 
values 

Hem then are we justified in describmg atoimc energy as i 
human asset? 

Fust, atoimc energy now supphes for the first bme weapons 
s\luch make it possible for a centralized ^vo^ld government to 
promt wan between nafaons Havmg made war mtolcrable 
because of its enormous dcstnicbv’c power it thus opens the 
way for an mtemahonal organizabon to prevent war from ever 
occurring again 

Second atomic energy is now a source of useful new mate- 
rials produced by tnmsmutabon It promises to supply us with 
heat and power a\-aflable in large quanbbes wherever needed 
and thus to open new economic fronbeis New advances m 
medione, m mdustry and m saence are on the horizon 

Third as the most recent great step m the long progresn® 
of ad^’a^ccs m saence and technology the advent of atomic 
energy is foremg mankind along the difficult road to greater 
humanity Growing cooperabon cducabon and spint of scrv 
ice arc CMdent trends 

The present is thus a bme for hope. True, the atomic bomb 
has brought us face to face with the fact that contmued world 
stnfc will mean disaster and death. It IS however likewise true, 
and much more \vorthy of attenbon, that the way is now op® 
as nc\*cr before for the world to reach a true umty with world 
peace a necessity that can and will be attained 

WTicn our first parents ate of the fruit of the tree of knowl- 
edge, they became as gods knowmg good from c^'iL hfneb 
thn longed to return to the ^rden of innocence an angel with 
a fierv sword stood in their way Then only hope for peace bT 
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m worV to mate the earth give them a foDer hfe. Somehov. the 
marvel occurred that m their wort they became human souls 
who shared the task of their Creator and came to be called His 
children 

The same angel with the same fiery sword prevents us from 
returning to a pre-atomic age. We ha\e no choice but to use 
our great new powers m the effort to build a better world. 

In the fierce competibon between social systems m the 
atomic age, the need for strength demands that we enable every 
abzen to contribute to the common welfare as his abilibes maj 
permit Permanent peace can now be secured if sv’c will work 
for iL Increased prospenty with broader horizons hes before us 
Greater development of the human spmt is the me\itable con 
sequence of the mcrcased responsibihty for using our new 
powers These are among the greatest of human goods 
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THE WORLD 

WITHIN THE ATOM' 


BY L W CHUBB* 


At 5 30 AJ^ on July 16 1945 the sbes ovtr the desert bmb 
of New Mexico were rent by a terrifying C3q)Iosion Itsdaxzlmg 
bunt of hght was brighter than the noonday sud its heat 
melted the desert sand and rocks 10 that they flowed together 
A great wlcano of dust and debns churned from the desert and 
seethed high mto the skj 

Man> mfles away behmd a heavy bamcadc, a group of sad- 
tists watched with awe. Then experimental atom bomb, per 
baps the most important smgle experiment ever attempted by 
man was a success The key to release the almost limitless 

1 Tho chapter u based oo t WeOingbouse UtOc S d cnce Sena BooUet buJ 
b reprinted^ perm mto o of Wotmgbouie Electnc Corpetabon 

*L W Cl)obb,D 5 c nori^d »nth the itonuc bomb project from Hi bep® 
rung He bad been Dtredor of the Westmghonsc Research Labciatorio 
1930 and had mpervoed research on hoDdreds of T<~vnhflff devciopment*- 
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power within the atom had been found Man had entered the 
age of atomic energy 

The story of the search for atomic energ) is a fascinating 
one. It tells of the seckmg out of httle things so small we can 
scarcely concave of them and of huge machines to help m 
the search. It is a story of simple things lil.£ air and oil and fog, 
and of compheated apparatus hkc the cyclotron and mass spec 
trometer It tells of prying mto the innermost secrets of nature, 
of theones so revolnbonary that people scoffed at them, of 
expemnents brilhantly planned and executed, and of discov 
encs stumbled on acadentaliy It is mdecd, a typical tale of 
saence. 

Man has always wondered about the maVc-up of the uni 
vent A long tune ago before 400 sea Greek philosopher 
named Democritus was thmkmg about this problem He had 
the idea that thmgs were composed of mvisible, mdcstractiblc 
bits of matter What a remarkable hit of gnesswoik this was— 
for 400 B c.! There wasn t much then that man could do to 
find out about these tiny particles— if mdeed they existed at alL 
And so for twenty-two ccnluncs very httle more was heard 
about them until an English chemist and physicist named 
John Dalton came along Instead of philosophizmg about 
things Dalton performed experiments These experiments 
were concerned with the way elemente combine to form com 
pounds 

Dalton s experiments showed that the elements bdiavcd as 
if they were composed of tiny rants or particles These umts 
of matter Dalton called atoms His theory was that all matta 
was made of these tmy atoms that all the atoms of the same 
element arc alike, that the atoms of one clement differ from 
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the mass of the hghtest atom bydrogciL Put down a dcamil 
point, then 27 zeros and then the figure 9 This is the mass of 
the electron m grains 

Toda) saenhsts know a great deal about the electron. Thn 
tm> particle which goes mto the make-up of all matter is the 
fundamental negative electneal charge. Elections can do a lot 
of thin gs \Vhen they stream through a wire, they constitute an 
electric cunent, and about 6 bOhon bOhon pass through an 
ordinary 100-watt electric lamp each second They are the buy 
easily managed earners of current m all radio tubes They sweep 
across a cathode ray tube and giw us a television picture. They 
bounce back and forth within an atom and produce light or 
X rays or other radiafaons They arc mvolved m aH chamcal 
reactions 

But electrons are not the only particles m an atom They 
conldn t be. Atoms ordinarily are neutial, or not charged, so 
they must ha\*e as many plus charges as mmus charges Be 
sides, the electron is only a small part of the mass of the simplest 
atom ^Vhcrc is the rest of the mass? Also certam calculations 
showed that the electron has a diameter only about aj® 
of an atom \Vhat is m the rest of this space? Man w’anted to 
peck mto the atom and sec what else was there. 

Thomson thought the positi\'c part of the atom made up 
practically the enbre atom itsdf and that the tmy electrons 
were stuck around this large positn-c portion m some way But 
how was anyone going to be able to pry mto anything so small 
as an atom? If wc could place them side by side, 250 mflhon 
hydrogen atoms would )ust about stretch an mch, 

Henry Becquercl, a French physicist, chanced upon a way 
to peer mto this tmy world through hu discovery of radio- 
actmty He found a strange, msisible radiation coming from 
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compcmnds containing uranium and he conldn t do a tlnng to 
change this behavior one way or another Others tned But do 
what they would the substances went merrily on then way 
givmg ont the mvisible radiations 

Where did this energy come from? Energy simply couldn t 
be manufactured out of nothing— and yet the uramum com 
pounds seemed to he domg )ust that Perhaps the source of the 
energy was to be found m the uramum itself 

Mane Cune was an unknown chemist when she heard about 
Becquerel s peculiar uramum compounds With her husband, 
she deaded to analyze them After three years of difficult, 
strenuous work they found the answer The activity was caused 
by mmute traces of a new element— a strange, wonderful ele 
ment they called radium It was exceedmgly rare; they had the 
merest pmch of it But what stuff it wasl The Cnnes never 
ceased bemg amazed at it Radium proved a hmitles reservou 
of energy— 1 14 mithon tunes more radioactive than uiamtrai— 
throwmg out ib energy m all duections and never seemmg to 
run down. Soon more radioacti\-e elemenb were identified. 
The saentist pounced eagerly upon them Perhaps these would 
help hun peek mside the atom because they were conveniently 
blowing up m his face. 

Among the saentiste who studied the properties of radium 
was one of England s greatest physiosb Ernest Rutherford. 
He wanted to know what sort of ladiahons were commg from 
the radium He found three fcmds and called them alpha, beta, 
arid gamma rays 

Soon It svas discovered that the whole group of radioactne 
e^enb formed a sequence. When a radioactive element 
blows up and releases some of Us energy it foims a new and 
entuely different element of less mass When an element loses 
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an alpha particle, its mass decreases by 4 fames the weight of a 
hydrogen atom and its posibvc charge decreases by 2, When 
the clement loses a beta particle, its mass is practically tm 
changed, because the beta particle is nothmg more than an 
electrom But losmg this electron with its negatn'C charge maVit 
the positive cha^ of the atom mcrcasc by 1 Again a new ele 
ment IS formed. In this process of losing alpha and beta par 
fades, uranium changes mto elements Hkc radium radon and 
polomum— and finally ends up as lead. In about 4I4 thousand 
milhon )'ears uranium is half through its dismtegrafaon (this 
fame IS called its /ml/ It/e) giving off 24,000 alpha parfadcs pa 
gram for cadi second of its existence. 

Now the study of atoms tooh a big step forward. For the 
first fame, saenfasts were eqmppcd with ballets— atomic bul- 
lets Why not turn this aifaUery on an atom and sec if its 
secreb could be blasted out? Rutherford deaded to try It vM 
a strange bit of hunting— shoohng mvisible bullets at mvmble 
targets But what boDctsI Then speed is so great that if they 
could keep gomg they would tjavrl around the earth while )nu 
read this sentence. If one of them weighed a pound, it would 
ha\T the effect of an ordinary bullet which weighed 150,000 
tons So Rutherford started on his shooting expedition and 
turned the alpha parfadcs on various dements. 

One thmg was learned right away Thomson s atoms with 
a large positive center just didn t exist Most of the alpha par 
fades wnuld pass right through a substance as though it wac 
not there. Evidently most of the atom was empty space. With 
mflhons of shots Rutherford wtmld occasionally get a hit and 
the alpha parbde would go bouncmg off m a different dircc 
faon From th^ mformafaon he decided that the posib'^c por 
bon of the atom was a tiny nucleus inside it smaDcr cvoi than 
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the elcctron—SQ smaD that if the nndcas of a hvdrogen atom 
coold be enlarged to the size of a pmhead the atom itself 
would be about 50 stones high. And }et in this small speck, 
1 miTli nnth of 1 mflhonth of the \'oliimc of the atom, lay all but 
about R of 1 per cent of the mass of the atom itself. The sun 
occupies just about as much space m the whole solar system as 
the tm) nucleus occupies m an atom How could }oa identify 
this tm) speck? Soon the answer was found. 

The atomic bullets n ere turned on the gas mtrogen, and 
what do Nou suppose came fl)ing out of the nucleus of the 
mtrogen atom uhen an alpha particle smacked mto it? Not 
nitrogen at aU, but hydrogen ions— bnv particles of hsdrogen 
with a posih\e charge of i Rutherford bombarded other de 
ments— and oat came the same hydrogen ions Was this the 
fundamental partide of matter saenhsts had been searchmg 
for so long? Yes here vas the answ'er The positri-cly charged 
budding block of matter is the nucleus of a hvdrogen atom— 
a hydrogen atom stripped of its smglc electron Saenbsts called 
it the proton. 

At last the atom was nnfoldmg But how were the electrons 
and protons arranged m an atom? One of Rutherford s stu- 
dents Nids Bohr a Danish phj'sicist, pictured the atom as a 
tm\ httle solar sjrfem with the dcctrons uhizzmg m orbits 
around the nucleus much as planets whirl around the sun 
The number of electrons m the orbits eaactli balance the num 
hd of protons m the nudeus to make the atom dectneaD) 
nentraL Thus the hjdrogen atom consists of a single dectron 
traidmg m its orbit aronnd a nudeus of a smgle proton. 

Mcann-hflc, a brOhant young Oxford University student 
Henry Mosdey had made a significant discoio} WTicn he 
bombarded the various dements mth Roentgen s x rays he 
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found that they fcH into a snnple nmnencal order ^ith the 
number assigned to the atom being equal to the number of 
positnr charges or protons, m its nucleus This number is also 
the number of electrons rci'olvmg around the nucleus. It b 
called the atomic number of the element Hjtirogcn, with 
atomic number i has i proton m its nucleus and i electron m 
an orbit around the nudens Also because it has i hcai^ par 
tide m its nucleus the mass number and atomic u’eight of 
b\drogen arc both i 

Smee helium has an atomic number of 2, it must have 2 
electrons m its orbit and 2 protons in the nudeus But there b 
something wrong here, Saenhsts had learned to weigh atoms 
wry accurately and they knew that helium has an atomic 
weight of 4. Instead of having 2 protons m the nudens it 
would seem that faehum m order to weigh what it docs shoold 
has-e 4. This state of affans led to considerable speculation. 
Scientists beheved that there must be another parbde m the 
nudeus of the atom— a parbde having the mass of the proton 
but no electneal charge— a parbde which mcrcascd the atonuc 
weight of an atom without affeebng its atomic number 

The cip)crts on atoms searched a long tune for the parbde, 
and fiiiall\ m 1932, James Chadwick, an English physicist, 
found it The parbde he discovered is called the neutron^ and 
it is a fundamental huDdmg block m the nudeus of the atom. 
It IS also a very pxjwcrful wcajwn m the hands of saenbsts who 
smash atoms 

The neutron fits wry nicely mto the scheme of things. 
Helium, with its weight of 4 and chaigc of 2, must hair a 
nudeus compxiscd of 2 jirotons and 2 neutrons and must have 
2 dcctrons to balance the dorge of the 2 pnotons Lathium, 
with an atomic weight of 7 and atomic number of 3, has 3 elec 
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trom and a nnclens composed of 3 protons and 4 neutrons 
This same idea can be applied to all the dements op to tbc 
\’eiy heaviest natural atom, uiannim, with atomic number 92 
and atoimc weight 238 

The fact that adding or removing a nentron changes the 
mass of an atom without affecting its charge offers an ogilani 
bon of another phenomenon which was well known at the 
bme the neutron was discovered Saenhsts had found that the 
atoms of a given dement were not necessarily aP alike. In most 
cases the atoms vary m w'OghL For instance, for a long bme 
it v^’zs thought that oxygen with atomic number 8 had an 
atomic weight of 16 and all its atoms w-cie exactly alike. Bat 
m bme it was found that some oxygen atoms weighed 17 and 
a few even weighed 18 Howner aP of them arc atoms oi 
ox } ’ geD because the) aP ha\*e the same atomic number they 
hive the same number of dections and protons and this deter 
mmes the way the) bcha\’c chcmicaPy Such vanebes of an 
dement arc caPed isotopes and most dements have t^o or 
more of them 

The )’car 1932 brought the discovery hy Carl Anderson an 
American ph}‘sicist, of a fourth parbdc of matter the positron. 
It is a poslb^•c deebon with the same mass as an deebon bat 
with a posibNe rather than a negatne charge. The positron can 
be observed commg from atoms made radioactnr by bom- 
bardmg them with ncubons It is a fleebng fcPow Its total 
existence is a \cry smaP fracbon of a second, then it umtes 
with an deebon and the twi> bits of matter disappear m a burst 
of energy 

Matter disappearing as cnerg}? Yes the bcha\ior of the 
positron helped establish a fact which saenbsts had known for 
some bme. Matter and cnc^ are not different things at aP, 
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thcj arc merely manifcstatioas of the same thing* When 
say that matter cannot be created or destroyed or that energy 
cannot be aeated or destroyed, v,t most remember that one 
may be changed mto the other Radium has been domg just 
this smec the world be^n— comertmg its mass mto energj 
The idea that mass can be constrted to cnerg} and energj 
to mass IS not new More than fortj years ago Emstem had 
ss orhed out a formula for the cons-crsion 

Enetgj = htass X (Vdooty of hght)* 

The amount of energy produced bj the con\’cision of matter 
IS utterly fantastic. For example, if x pound of matter could be 
entirely converted, the energj produced would be equal to that 
gn’en o£Eb> burning milhoa tons of coal. Such amounts of 
energy are hard to imagine. Actuallj a tmj hit of matter is 
con>-crted mto energj m otdmarj burning, but the amount is 
so i-crj small that no laboratorj balance can possiblj detect it 
But sacntists liked to dream of this tremendons source 
of energj and to speculate about iL And tbej had fignres on 
vihich to base then dreams Consider the c protons and a neu 
trons m the nucleus of a smgle hehum atom The mass of a 
proton IS 1,0076 the mass of a neutron is 1,0089 Therefore, 
the nudeus of the hehum atom should ha\ e a mass of 2(1 0076) 
+ 2 (ix)o 89) = 0330 Now the observed mass of the hehum 
nucleus is only ^ 00-8 which shows a disappearance of oxi^oz 
mass unit when the neutrons and protons go together Whet 
happens to this mass? It is the binding energy of the nndeus— 
the encigv which holds the nudeus together And it is also the 
cncrgi required to blast the nudeus apart The nuclear phim 
ast expresses this energj m a unit all his own— deefron volts 
One dectron ^olt is the energj acquired by an electron when 
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It falls through a difference m potential of 1 volt It is indeed, 
a very small amount of energy A 10-watt electnc lamp m bum 
mg for 1 second consumes the equivalent of about 6a bHlion 
billion election volts The energy re p r e sented by the 0^301 
mass unit of our helium nucleus is only about 28 million elec 
tron volts but atoms are so numerous that the binding energy 
of the atoms m 1 gram of hehnm is enough to light the lamp 
contmuouslj for about 2200 ycaisl 

The tremendous amount of energy lo<ied m the atom led 
the saentists to try to release iL The accepted method is to 
blast the nucleus with all types of parbcles Once m a while a 
nucleus is hit, and changes occur m the atom s stmcturc. These 
changes can be put into the fonn of an equation )nst as ordi- 
nary chemical changes are. 

In atomics we identify the vancty of atoms and atomic par 
tides by a system of abbreviations The atoms have their usual 
chemical symbols hydrogen = H oicygen = 0, mtrogen = N 
and so on However the symbol O does not tell us which iso- 
tope of oxygen is meant. This makes no difference in chcmistiy 
because the three isotopes of oxygen arc chemically idcnbcaL 
But m physics it makes a great deal of difference, because the 
three isotopes have different masses different nudear compon 
bon, and different bmdmg energies Therefore, we mdicatc the 
three isotopes of oxygen as eO^® 80 ^“^ and The sub- 
script at the lower left is the atomic number of the atom and 
tcHs the posibve charge, or number of protons m the nndeus. 
The superscript at the upper right is the mass number of the 
atom and tells the combmed number of protons and nentrons 
in the nudeus 

The first of the smashers of atoms was Ernest Rutherford, 
who IS generally considered the father of nudear physics- Wc 
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In 1932 a stream of artificially exated protons was turned 
on a target of hthmm The unexpected happenedi The hthiuin 
dismtegrated, and for eadihthium nucleus two alpha parbcles, 
or helium nuclei, came boundmg out, and a large amount of 
energy was released. 

iLi^ + iH^— ►aHe* + 2He^ + 17 million electron volts 

Where did the energy come from? Well suppose we add 
together the mass of the hthmm atom and the proton and 
compare this value to the mass of the two alpha particles Wc 
find the alpha particles have a mass 00185 
amount of matter disappears m the reaction to reappear again 
as 17 mUhon electron volts of energy 
A new weapon for atom smashing amved on the scene when 
Professor E O Lawrence, another American physicist, m* 
>ented the cyclotron This device has grown from a machine 
not much larger than the human hand to a monster which 
packs a wallop of about 100 milhon electron volts and has a 
magnet, the world s brgest, waghmg 4,000 tons The atomic 
bullets fired by the cyclotron arc protons alpha particles, and 
another particle called a deuteron. The dcntcron or heavy 
hydrogen nucleus is the nudeus of a hydrogen atom which 
has a neutron m addition to the usual proton 

In one expenment Lawrence threw deutcrons at rock salt 
and thereby opened one of the most promismg fields of atomic 
research By the process he made radioactive sodium— sodium 
chemically like any other sodium but with nudei which ex 
plode, giving off dcctrons and gamma rays 

Let us see what happens In effect, the sodium nudeus ab- 
sorbs the swift moving deutcron causmg a violent upheaval 
msidc the nucleus The deutcron breaks up mto its two parts, 
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i proton and a neutron The proton comes fijing out, lea\'ing 
the neutron behind This neutron raises the mass of the sodium 
bot docs not change its charge. In other ^vords a sodium iso- 
tope forms 

iiNa=*» + 

This isotope IS radioacti\c and dismtcgrates \Vc can thmb of 
the added neutron as brcakmg up into its c<3m\'alcnt— i proton 
plus 1 electron The electron is emitted as a beta ray leaving 
the proton behind. Therefore, the positi\e charge on the atom 
increases by i and when this happens ne no longer has-e 
sodium but the element next higher in atomic number mag 
uesiura 

iiNa*^->isMg * + -je'' 

Smee 19^ when arbficial radioacti\it> was discm^rcd more 
than 500 radioacti\e isotopes have been formed, and almost 
every element is nov. known to ha\*e one or more of them An 
mterestmg thmg about this is that man has been able to make 
more different lands of atoms than he has e%‘eT found m nature. 

Artificial radioactu-c dements offer great possibilities m 
medicine. The adNuntage of usmg them is that they can be 
taflored to order Such an clement can be taken mto the body 
where it gives off its beneficial radiabons and m a few hours 
or days dependmg on the clement, its life is m'er and no harm 
is done to healthy tissue. If radium is used for deep-seated 
cancer treatment, the radium must be removed because it 
gives off radiations almost indcfimtel) and would soon cause 
death from overexposure. 

Another nice thing about the artificially ladioachv e elements 
IS that the) ore chemicall) the same as the usual form of the 
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element Hence they can be mjcctcd into the body where they 
act m a normal manner except that they emit their benchoal 
radiations For example, radioactive phosphorus might be used 
m the treatment of Icuhemia, a disease caused by the cancer 
like growth of the white blood cells Phosphorus is nonnaDy 
present m the bones and if the radioactwc vanety is dqwsrtcd 
there, it wiH attack the excess white blood cells at then source, 
the marrow of the bones 

The smashers of atoms soon found that the neutron was a 
very effective atomic bullet, because it is heavy and has no 
charge. A neotral neutron enten a strong positively charged 
nucleus much more casil) than a posibve parbclc, inch is t 
proton or alpha parbcle. But because neutrons have no charge, 
they are hard to handle. They cannot be hurled by a cydotron. 
The best we can do is to use protons denterons or alpha par 
fades to bombard a matcnal lilce boron or boyflium, knoci 
some neutrons out of them and thus obtain our neutrons 
secondhand. 

Lattlc can be done to control these neutrons once they arc 
produced, because they are unaffected by electric charges or 
magnets Another thing is unusual about them The neutrons 
do a better ]ob of causing certam nudear changes if they are 
slowed down, and just wlat they do depends a great deal upon 
then speed. 

Enneo Fermi, one of the most famous of present-day 
smashers, as early as 1934 turned nentrons on the heav> 
ments These bulky atoms already have unstable nuda wbeh 
blow up of then own accord What would the neutrons do to 
them? The heaviest dement, uramum, gave surprising 
by changing mto a new clement . 

We now know that when a nentron is slowed to the 
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speed, the uraBium nucleus snatdics it up and forms a new 
heavier isotope, 

g2U'»« + on^2U”» 

Now this new form of uramom is nnstable and begins to give 
off dectrons, and when it does something happens The atom 
tnins mto a new clement— a man-made element nc\“cr before 
known to cost— element number 93 The dement is named 
nepUmnnn^ Np 

But that IS not all. Neptunium is not stable either It also gi\’es 
off an electron and turns mto ahother clement still higher m 
atomic number This is another brand new man-made de 
ment— number 94, its name is plutonmm 

g8Np“*->tt4Pu«»+_ieO 

Plutomum seems to be satisfied, it is fairly stable and beha\'cs 
itself until you start shooting neutrons at it WTien ) on do that, 
the plutomuni literally blows itself to pieces It sphts mto 
atoms of smaller atomic weight and releases rast quantities of 
energy This sphtbng process is called nuclear fission 

Flutomum is not the only atom rshich undergoes fission 
Indeed, the process was disco\'cred m one form of uranium m 
1939, Soon uranium was being cracked open m atom-smashing 
oepenmenb all oi-er the world. These expciun enb ahva^-s 
showed the same thmg WTicn a neutron blasted the nudeus 
apart, two hundred miflion electron \olte of energy came 
pounng out as a result of the annihilation of a small bit of the 
atom s mass 

And then there was somethmg else. In addition to the frag- 
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ments of lower atomic weight, the fission produced more neu- 
trons Immediately the same thought came to the mmds of 
the saentists Could these newly rdcased neutrons be used to 
blow apart more uranium to produce more neutrons to blow 
apart still more uramum and so on and so on? The results of 
such a cham reaction would be obvious— a source of power for 
one dimg, an atomic bomb for another But then the blackout 
of World War II settled over the laboratoncs of the world, and 
the scientists set to work secretly feverishly to find the answo:. 
All of us now know the result In Amcnca we found it first 
The story of the makmg of the atomic bomb is one un- 
precedented m human history The problems to be overcome 
seemed too great to solve. In the first place, even though 200 
mflhon electron volts is a tremendous amount of energy for 
the amount of matta releasing it, it is not much energy nen 
when compared to that from a burning match Milhons upon 
miUions of fissions must occur each second m order to have 
the slightest amount of usable energy 

Then too it is not ordinary uramum which explodes with 
such violence. The common land of uramum has a mass of 
238 (U***) but it 13 a scarce isotope havmg a mass of 235 
(U 230 ) which undergoes fission Onlyy® of ordinary uranium 
IS U*®® and it is difficult to separate from the Remem- 
ber these arc isotopes chemically identical, and one cannot 
be separated from the other by any known chemical method. 

Using the muss spectrometer the first tiny bit of U**® was 
obtamed m 1940 How much? At the rate then achicsed it 
would take nearly twelve million years to get one pound. How 
much was needed for a bomb? Calculafaons showed a mi^ 
mum of about 2 pounds and a maximum of about 200 
Methods certainlj had to be unproved And they were. By 
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end of 1943 an entire plant was in opcrabon for the separation 
of U*®® b} this same electromagnetic methoi 
There are a number of other -wzys of separating One 
of these, the gaseous diffusion method became practical, and 
by 1945 a large plant for this t\'pc of separabon rvas m opera 
bon Here the two isotopes are changed to gases and arc 
allowed to diffuse through a porous bamer where the lighter 
passes through faster than the heancr U*®* 

Yes separating U from is difficult- Early m the 
race for the atomic bomb no one could tell if it c\-er could be 
done on a large enough scale. It was natural then for saen 
bsts to thmk about the new atom they had made plutomnm 
for they knew that it, too could be spht Plutonium forms 
when an atom of U*** captures a neutron and U**® is faiilv 
plentiful- Perhaps there was some way to create plutonium on 
a Large scale. 

A long senes of expenments showed how to do it with a 
large mass of uramum and graphite called a pUe It is tneky 
and N’ct) dangerous worL The gamma rays neutrons and 
other radiabons which escape from the pile are death-dealing 
so the pfle must be built behind sc\eral feet of concrete and 
steel No one dares approach an unshielded pile; c\-en the air 
around it becomes radioactne and poisonous Then too there 
IS danger the pOc ma\ explode with disastrous results Unbe 
Iicvablc amounts of heat arc generated by a pile, and some 
method of cooling it is necesary 
Then there is the problem of separabng the Pu *® after it 
has been formed in a pile. It is done chemicalH— all bv remote 
conbol behind thick prolechi-c shields unhT the plutonium 
IS pure. 

Of course, there were other problems— thouands of them 
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But although by the end of 1941 there u-as m existence ouJ^ 
500 millionths of a gram of plntonium by 1945 a htge pb- 
tonium plant was in operabon producing the matcnal on a 
commercial scale 

More than 4 square miles 60 per cent of Hiroshima, Japan, 
was blown off the face of the earth on the mommg of August 6, 
1945— aU b) a single bomb from the change of a smaB bit of 
matter mto scethmg, undfluted energ) They tcH us m simple, 
cold figures that the carl) bombs were meffiaent and ha\c 
already been imprm*ed upon Only about i tenth of 1 per cart 
of therr acbvc mass nns changed into energ) For cieiy pound 
of U which exploded 0999 pound of material ranamed, 
and only o 001 pound of the mass was con\-crted mto energy 
If the entire pound of U*®* (or any other mass) could be 
changed mto energ) 11^ bflhon kfiosiatthoms would result— 
power equal to that from the burning of about 5 biHion pounds 
of coal or 200 milhon gallons of gasoline. 

Until now man s world has been an electron world. Hb 
ai-ailablc sources of energy have been associated with those 
tm) parbclcs of matter spmning m their orbits m the atooi. 
Bnt now his world will be^ at least m a sense, a nuclear world, 
with the boundless energy lodxd within the atom becoming 
asnilable. We arc faced with the greatest challenge of aD fame. 
Will we use this power to blast ovihzabon from the earth, or 
will wc Icam to apply it usefully m a world where cadi of us 
IS the next-door neighbor to everyone else? Whether wc aic 
ready for it or not, a new age is dawnmg for manhnd. 
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INTRODUCrnON 

Because of the misgivings concenung the intemabona) situ 
abon the appUcatiom of atomic po^v-er to industry and the 
physical saenccs arc being delayed The fear that other coun 
tnes will develop atomic weapons before any reliable plan, is 
worl^d out to insure world peace is holding up the disscmina 
bon of inf oimabon necessary to peaceful atomic dcv*dopments 
There are fundamental concepts which any investigator any 
where, if he does not mahe a mistale, can discover for himself 
It is my belief, and the belief of manv scientists that that in 

1 From Oocnprtjootl Afediano Vol 2 NrncmbCT 19^6 Rqmnted by per 
nmnoD of AnMocaa Medicil Astocotion 
•SamttdK Alluon PhD h the director of the Iiutihile for Nndao Shiti« 

tt the bnrvcrot) of Chxaw He u 1 member of the Nttrcma] Aadany of 
Scicnce» tad mracd the Medai for Ment m recocniboo of hu tavicej dnnnc 
ortd War U 
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formation should be widely disseminated It is distinct fnm 
information on the art of mainng a bomb or using the new 
force destructively This last is a technologic devclopmcDt, 
which it would be useless to give out at the present tnne, tmcc 
it IS only a method of using atomic power for evil pnrposet 

In the past, I have been rather enbeal and rather ^’Dcal 
about the slow rate at which fundamental mformabon b bang 
allowed to circulate and to be made aiailable. I am happy to 
say that I believe there are signs that this situation is raipro\ 
mg and that the fundamental properties of nuclei and atoms 
which are saentific enfabes that any one can discm'cr will be 
released more rapidly than m the past 

Another difficulty is this A prormnent feature of thclegis- 
labon which has bixn passed is the provision that the tcci 
nique of the development of atomic power for mdustnal per 
poses IS not to be shared with other nabons until Congress, by 
]omt rcsolubon declares that ample mtcmabonal safeguards 
have been provided against the dcstrucbiT appheabons of fis- 
sionable materials This means that the technique of mch 
industrial uses will have to be dc\ eloped m secret, and hcncc 
more slowly than otherwise. 

Another factor is the shortage of tramed personnel. Dunng 
the war the Uruted States stopped tiaimng physicists and used 
what it had. A brge number of men believe that they can best 
serve by returning to tlic univcrsibcs and trammg young men 
m nuclear physics and chemistry This return is made caster 
by their dismclmabon to worV under the burden of compart 
mentahzabon of mformabon and secrecy 

Progress however is bang made, and the outhnes of future 

developments are becommg dearer 
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atomic energy in industry 

The feasibility of atomic power as a supplier of electnaty to 
cities and mdustnes wiD be the issue which will decide the 
scale of the program for the next few gencratioas If such power 
is widclv us^ the scale of the development will be vast; if it 
IS an unsuccessful competitor with coal and water power be 
cause of cost or maeased mdustnal and cavil hazards then a 
few cham-rcactmg piles will be operated for mflitary purposes 
and for the preparation of substances of importance m sacnce 
and technology 

The physics and technology of the present cham reactors m 
dicatc that one of the 6rst mdustnal appheaboas will be the 
erection of large power plants operatmg on atomic fueb and 
generating electnaty for distnljubon to towns and factones 
The most recent estimates of costs indicate that electnaty from 
atomic power will be mote cxpcnsiv'c, m regions where coal is 
readily accessible, than from the convenbonal coal burning 
mstallabons Such estimates of costs are e:xtrcracly difficult to 
make, and the fact remains that the transfonnabon of tons 
(217 728 kilograms) of uranium mto fission products releases 
energy eqmvalent to the bunung of 660000000 tons {598 
752000000 kilograms) of coaL One cannot laugh off that 
figure, and it is power to conjure with 660,000 000 tons bv 
the wav is approximately the amount of coal consumed an 
nuallv m the United States Yet 240 tons of uramum could be 
cct on one comer of the ordinary speaker s platform 
The whole quesbon of feasibihty is bed up with quesbons 
of mdustnal and a\ic health. It is now well known to the 
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public that heavy shields must be built aiotmd reactoo 
developing power m order to protect plant penonnd from 
injonous radiations and that these heavy shields seem to make 
impossible the development of h gh t^ portable power pknli. 
It is just possible that m extremely large, extremely long-range 
aircraft, the present heavy fuel load could be replaced with a 
shield around a reactor, and that thus atomic power could be 
used m flight But, m ray optmon there is no mdicabon that 
short-range airplanes can be operated with atomic fuels as they 
are known today 

Propulsion of ships with atomic fuels seems tcchmcally ranch 
more feasible, because the weight of the object to be trans- 
ported IS a secondary factor in transportabon 1:^ ship 
One of the technically simplest appheabons of an atomic 
reactor would be to produce large quanbbes of low tempenture 
heat for chemical ormctallurgicmdustnes 
Along with all these developments will go the development 
of mdustnal health protection The mvisiblc nature of hazard 
ous radiabon and the lack of any sense by which one may detect 
the presence of radiabon arc formidable obstacles to be over 
come. The plant operators must not only be adequately pro- 
tected but most also be psychologically convmced of this ade- 
quacy Otherwise, enbrdy baseless fantasies of mjimcs from 
radiabon will be developed. It has already been seen dut m 
the w’ar arc welders on the ships devdoped fantasies that thar 
reprodnebve powers were being mjured by ultraviolet rays, 
which, of course, was an entirely baseless assumpbon 

Civil populabons must be protected against radioacbie 
dusts radioacbvc gases and contammabon of then water with 
radioactive wastes from the plants The pubhe must be edu 
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cated coQcemmg these hazards so that thev VitH be inlclh 
gcntl\ understood and not the subject of h\-stcncal delusions 
Urannim compounds are poisonous m the more con\'en 
tional sense. Beryllium and its compounds seem destined to 
pla> an important part m atomic energy and cipenence dur 
mg the has shown the tonaty of berylhnm dusts espe 
aall> beryihum flnonde. It is probable that mdustnal apphea 
tions wiB be found for polomnm which can be made m ihc 
piles and which can be produced as a byproduct of the cdiam 
reactors Its metabohe chemistry roust be studied, and its 
radioacb\*e tonaty guarded agamst Many steps ha\e been 
taken in this duection 


THE USE OF PRODUCTS OF THE CHAIN REACTION 
EN SCIENCE AND INDUSTRY 

Neutrons are an essential Imlc m the chain reacbon. As a 
matter of fact it is the neutrons from Bssion which diffuse 
through the fissioning material and cause succcssn’e dismtegra 
bon It is the clectncab uncharged nature of the nenbon which 
m ake s the canymg on of the cham reacbou possible 

There arc now ai-ailable, throughout the large ^olume of a 
cham rcactmg aggregate, a total number of free neutrons which 
\’astly exceeds anything proiously produced, Streammg from 
apertures m the pTotccb\*e walk around the sbu ct m es come 
beams of neutrons m which the total flux is enormously great 
The most subtle properbes of neutrons prcMously not sue 
ccssfuBj studied because of low mtensitj arc now under m 
iTStigahon Some of these are their lifetime magnebe prop- 
erties and then diffracbon by crystals In the latter a strikmg 



52 Constructive Uses of Atomic Energj 

confirmabon is obtained of the theory of the duahty of coi 
pusde and wave, since the gross features of the diffracticm 
doscly resemble that of roentgen rays 

Indirectly the cham-reaebng piles and the atomic bombhaic 
stimiilatcd e'Try branch of nuclear saence, whether or not the 
subject bang mvcstigatcd scans to lead directly to the large 
scale release of nudear energy Fimds are available for open 
mentabon on a scale previously unavailable to the avenge 
physicisL Two mnehmes each capable of acccleratrag parbeks 
to hundreds of mfllions of electron volts of energy are bemg 
plaimed for the vicmity of Boston alone. Attempts are bcuig 
made to produce mesons or parbdes of mass mtcnncdiate 
between eleebons and protons Mesons at present, arc found 
only m conneebon with cosmic rays and m such small concen* 
trabons that it is tedious to obtam precise informabon con 
ceming them If thac are neutral mesons, there may be otha 
meson chain rca ebons which may or may not produce the spec 
tacular results which the neubon diam rcacbon has already 
shown 

As physicists experiment with these, they will need health 
protcebon Workers in the pure sacnces were notonouslyrai^ 
less about health and acadent hazards For many ph)'sicists, 
the first time they had ever encountered health control and 
safety engmeermg was in their assooabon with companies such 
as duPont Tennessee Eas tman Union Carbide and Carbon 
and Monsanto during the war At first inclined to scoff they 
learned to respect, if not to admire. The tragic deaths of bin 
physicists at Los Alamos New Mexico during experimentation 
with materials for bombs drove tlic lesson home. 

Although the protcebon of research workers as an enterpnse 
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will never reach the v-ast size of the industrial health problem, 
manj of the techniques which will ultimatel} spread through 
mdustr\ will first be de\TlQped on tbs smaller scale. 

The new elements produced b) the chain reactors arc sub- 
stances of great sacnbfic mtercsL The most pubhazed of these 
is plutonium which, m the periodic table, is clement 94- Other 
transuianic elements which are now known are 93 neptumum 
95 amenaum and 96 cunum Id order to be found m nature 
in other than tracer amounts an element must hav'c at least 
one isotope of age comparable with that of the earth, or like 
radium, he contmuousl) reproduced from such a source. If 
these tiamuiamc elements e\’cr existed m nature, thej ha\’C 
died on earth and now are arhficiaUy recreated with the aid of 
the chain reaction. 

One can imagme how a chemist roust feel when an clement 
which was extinct is now presented to him for cxpenmentaboiL 
1 can imagine how a zoologist would feel if a dmosaur walked 
into the laboratory and submitted himself for dissecticm. The 
exact analogy of this phenomenon is m the chemical labo- 
ratoncs at the present time. New elements are being built for 
the chemists and they arc studying their properties 

Other dements, lighter than uianmm arc missed in nature, 
probably for the same reason Elements 45 (technetium) and 
61 (promethium) ha\-c been artificially reemered from the 
cham reaction and their cbcmical properties mil now be 
studied. 

Other means arc now avnOable for the production of clc 
menu 85 (astabme) and 87 (franemm) the study of which 
will enneh the sacncc of chemistry 

About four hundred and fifty radioactiv c forms of the natural 
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elements arc knwTi and most of them can be produced from 
the chain reaction 

Emitters of pcnctiabng zadiahon can he produced 

m tlic chain reactors and utU soon be distributed A fonn of 
cobalt, living about fi\'C years and an anhmony of sixty days 
hfc arc promment among these. Point sources of these can be 
prepared and used for radiologic examination of broken parts 
of men and machmes It docs not seem probable that these 
will displace rocntgcnographic installabons m permanent hos- 
pitals or factoncs Ilowcs'cr for cmcrgenacs in remote loca 
tions for instance, nhcrc tlic pafaent cannot be transported to 
the hospital a mmutc capsule of these substances can be flown 
to the spot for diagnosis or beatmeut This of course, can m 
considerable measure be done with radium today The artificial 
emitters of gamma rays will be cheaper more abundant and 
more scrsabic, in tliat the energy of the gamma rays and the 
lifetime of the emitter can be selected to suit the demands of 
the case. 

Tlic ladioacfavc isotopes which arc being produced arc mostly 
emitters of beta rays Physicists will use them to study the beta 
ray-emitbng process and to look for the ncutrmo or httlc ncu 
bon a strange parbdc the emission of which seems necessary 
to conserve energy and momentum m nuclear dismtcgrabons. 
They arc emitted m \ast numbers bom the piles but, smec 
they arc clusrs'c, little direct evidence ol bicm is at hand, d 
these ncutrmos exist They arc csxm more clusnT than a filtrablc 
vmis 

The radioacbvc isotopes will have many uses m chemistry 
When a uranium atom breaks m two by fission the bagmenb 
arc radioacbs'c forms of elements in the center of the pcnodic 
table. The pressmg problem of chemical separabon of plu 
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tonmm from nranium and from these hghter elements pro- 
duced a \‘cntablc rebirth of inorganic chemistij dunng the 
war and the nof, stimulus to that subject uill long remam 
WTicn a radioacb\*e form of an element is a\'ailablc, it means 
that a method exists of detecting an cxcccdmgl) small amount 
of it— m man) cases onl) a few mflhon atoms arc sufBaent 
Furthermore, one can foUem these \ery atoms through a senes 
ot chemical reactions alv-^aw l.ceprag track of exactlj r\hcrc 
they are. llieu cheimcal properties arc, to a high order of ap- 
proximabon idenbcal mth those of the natural elements 
hich thc) represent The appheabon of such methods to prob- 
lems such as thc solubility of msoluble substances the frac 
bonation coeffiaents bebvecn soK^ts the misdbihbes of 
hquid and the sapor pressures of the soolled m\-olatfle sub- 
stances IS obsious and the) arc already under 
In industrial technology corrosion studies will be aided, and 
thc detection of mmute amounts of dusts and smokes made 
easier Processors of prcaous metals ma) make them shghtl) 
radioacbsc and make it impossible to cany them out through 
thc exits ssithout ringing an alarm 


RADIO \Cn\T CARBON 

At the present bmc it seems that thc substance svhich will 
most profoundU influence research in thc life sciences is radio- 
actuc carbon. This long-lncd carbon of atomic weight 14 uus 
disco\crcd m tracer amounts with thc use of thc csclobon 
shorth before thc war Now it will be possible to prepare grams 
of the material An associated project of considerable magni 
hide will be thc preparabon of complex organic chemicals in 
ndioactuc form It will, of course be possible to prepare or 
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game substances m which specific and known parts of the 
molecule contain the radioactive carbon, the rest of the mol^ 
culc being inert 

For certain organic substances such as serums, opiates, and 
d)es it ma) be best simply to use animals or plants as the 
synthesizing agents Farms may be operated ra which the fer 
tilizen and foods will be radioactive, so that radioacti« anb- 
tetanus serum can be obtained from radioactive horses and 
radioacbvc opium from radioacbve poppies Radioactive bac 
teria may be produced also 

Radioactive carbon is an cnuttci of low-energy electrons, 
and this has both favorable and unfav-OTablc consequence 
Favorable consequences are that as radioacbv-c substance go, 
it IS not crtrcmely dangerous to the investigator and that m 
therapeube appheabons the radioacbve effects will be limited 
to the tissues unmediatcl) surrounding the pomt of appbeahon 
or absorpbon of the matcnaL A somewhat unfav-orablc consc 
quence is that the detcebon of the presence of radiocarbon and 
esbmabon of the amount of the radiocarbon present in a 
preparabon arc somewhat more complicated than with sub- 
stances emitting more energebe radiabons Many mistakes in 
its use as a research tool are to be citpccted before the tcclimquc 
of dctcchng it becomes as widely known and standardized as 
for instance, nibogcn analysis or blood corpuscle counhng 

At the present time, noniadjoacbve forms of oxygen or mho- 
gen arc Imown which hvc long enough to make them useful 
in general, os research tools Labeled forms of these clcmcnb 
can be supphed which are not radioacbv'C and the presence of 
uhichmustbc dctcctedbyamassspccboscopicanalystt These 
are O** and A labeled, nonradioacbve form of carbon 
IS also being produced This can be used, together \nth 
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C*'* for instance, in a complicated organic molecolc; one part 
ma) be tagged ^ith and the other vsith C*"* and as the 
molecule breaks up in further chemical or biologic processes 
the tu-o parts maj be simultaneousl) tiacciL 

CONCLUSION 

Man) of us r\ho haiTi looked fom-ard to such appheahons 
for months and juars arc impabent at the delays in acqmnng 
momentum We should remember that v,*e are in the back 
wash of the greatest uar effort this countr) has citt made and 
that the countr) is tr)ing to rccoDicrt to peaceful na)'s at a 
time when man) persons consider that such reconi-ersion is 
haidl) ]ustified m the bght of the troubled state of the world 
particular!) the reconirrsion of the atomic cnerg) proiecL 



CHAPTER IV 


INDUSTRIAL APPLICATIONS 
OF RADIOACTIVITY^ 


BY M BLAU AND / R CARLIN" 


Quantity production of radioactive isotopes as a b)’prodoct 
of the uranium pile has sbmulatcd mterest m older mdustnal 
applications of radioacti\ity and has resulted m many new ap- 
plications Radioactive materials are available abundantly now 
at reasonable cost, and handling techniques hav-c been safcl} 
standardized. 

Prewar uses for radium in radiographic cyhndcrs as neutron 
sources (radium-bcrylhum) m luminous compounds for dials 
and as stabc eliminators now become economical!) attractive 
to a great many mdustnes The last menboned appheabon m 

^ From an article in Electronica, April, 19,^8 rqjcmted hj pcnniiwjn oi 
McCraw I lill Pablahmg Company Inc ^ 

• Dr M Blan b at peoent engaged m the 6dd of itotnR energy 
Colombia Unneroty and wai fonneily with the Cjnadan Radiom and Utanrani 
C o rp ouU on. Mr / Qoim a emptojed by Tracffbb, Inc, Bcatoo, Mao 
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particular ments reconsideration today for all equipment hav 
mg static problems 

INDUSTRIAL STATIC ELIMINATORS 

Operation of an industrial stabc eliminator is based upon 
the high lomzmg pmra of alpha particles These ha\’c the 
highest speafic ionization power of all radioactii'e radiations 
a single alpha particle can produce about 40 coo ion pans per 
centimeter along a path m air with the exact number depend 
mg upon the \*cloat} of the radiabon 

Near sources of alpha parbclcs air loses its insulating prop- 
erties and becomes conducting, dissipating any accumulabon 
of stabc dcctnaty in near-by objects The quanbt> of stabc 
clcctnat) that cm be eliminated mthm a certain time mtenal 
depends onl) on the mtensib of the alpha radiabon present 

The lomzabon effect of an alpha parbclc source is limited to 
its range, ishich is about 7 cenbmeters for the fastest group 
emitted b^ radium and ib dcca) producb If the ionized au is 
in moNTment hou-cn'cr as occur in the \icimt} of machmes 
in operabon or \nth srhiclcs m mobon the ionized air is trans- 
mitted appreciable distances 

Advantages of radioacbv c stabc chminators include absence 
of harmful effeeb on coromodibcs such as are sometimes 
caused b) humidifiers used for the same purpose, and absence 
of high \-oltagcs and sparks that m thcmscl\-c5 arc fire hazards 
and inhcrcntlj dangerous 

Since alplia parbclcs arc casfl) absorbed, it is ncccssar} to 
apph the radioactn-c material in the form of a thm lajer that 
docs not inboducc in itself am appreciable self absorpbon The 
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prepaiahon of these foils is comphcated by the fact that it b 
necessary to retain the gaseous radon product of radium withm 
the foil, smce the escape of this gas would signify a loss of 
active material and aeate a heal^ hazard The total alpha 
activity IS due to the decay products Ra A, radon and Ra C, as 
^vell as to radiimL 

Polomum may be used instead of radium as an alpha-parbclc 
eimtter It is a pure alpha radiator with no penetratmg gamma 
radiation hence large areas of polonium sources can be used 
without introducing health hazards However the short half 
life of polonium makes it necessary to replace this type of 
static eliminator after a certam bme mterval Other pure alpha 
radiators having longer half life arc not yet available, but these 
elements may be ready for mdustnal purposes m the near 
future. 

One milhcune of a radioactive element represents the quan 
tity of this element that emits the same number of partidcs per 
second as i milligram of radium (3 7 10’ particles) The 

ionization current produced 1 milligram of radmm is about 
2 X io“* ampere and that from 1 mflhcunc of polonram is 
4-4 X lO"'^ ampere at saturabon voltage. The current from 
radium is greater than that from polonium because the Ra foil 
has addiboual radiabon decay products 

Saturabon voltage is the voltage necessary to draw all 10ns 
out of the field immediately upon fonnahon, so that no losses 
occur through recombmabon The field strength is about 35° 
volts per centimeter for 100 micrograms of radium or 500 
microcuncs of polonium coated on one square mch of radio- 
acbvc foil. Therefore, the formabon of a x 10"’^ coulomb per 
second can be easily dissipated by these amounb of 
acbvity This accumulabon of stabc, if not dissipated, svou 
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lead withm i minotc (assuming a capaatance of 20 micro- 
micro&iads per square mch) to a \TDltagc of about 600,000 
^x)lts dearly a potential danger 

The more recent applications of radioactm^ m industry 
may be divided mto four groups (1 ) appbcabons ntilcmg die 
lomzabon power of the ladiaboo, (2) appbcabons utilizing 
penetrating properber (3) devices m wbicb mobons or dis- 
placements arc detected by radioactive substances coupled by 
some means to these movements (4) appbcabons based upon 
the casiJv recognizable radiabons and then deteebon methods 
such as tracer methods 

Only the first three groups of appbcabons wiD be talen up 
here, since the fourth would require quite an extensive paper 
b} Itself. 


USENC lONTZATTON POWER 

Thcabibt) of alpha or beta-cmjtbng radioactive substances 
to ionize gases or air is utilized in a radioactive resistor the 
terminals of v> hicfa are the electrodes of an lonnabon chamber 
arranged as m Figure 1 

One electrode is covered with a radioactive alpha-parbdc 
emitting substance, and the other is connected to an dec 
boracter or amplifier As the voltage between the electrodes is 
mcrcased the lonizabon cuircnt will mcreasc correspondmglv 
until sahirabon is reached, as shown m Figure 2, when aH 
ions arc being drawn to the dectrode upon formabom If v olt 
age IS still further mcrcased lomzabon bv collision occurs and 
the conent mcrcascs as in an avalanche 

The mibal bnear porbon of Figure 2, called the ohmic 
region lends itself to the ccmstnicbon of resrstois distinguished 
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by complete absence of polarization and temperature defiacn 
aes It IS true that the outside pressure if the chamber u not 
hermebcally sealed, or the outside temperature, may somewhat 
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mfluenoc lomzabon cunent, however this mBucncc is small, 
completely r^ular, simple to compote, and easily cornpen 
sated for 

Radioactive resistors have long been used as leakage resistors 
of electrometen m radioactive laboratones They arc equally 
useful in electromc arcuits rcquinug high values of gnd re 
sistancc; the higher the resistance value, the less radioactnr 
raatenal is needetL By \'aiying the distance between the dec 
trodes or varymg the number of lonizmg particles with dia 
phragms or other means a smgle unit may well seiv’c for several 
ranges and purposes 

Radioactn.'c resiston remam substantially constant in value 
if the radjoacb\'C material used has a long half life, as docs 
uiamum or radium The decay characteristic of materials with 
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short half hfc pennib construction of dccajing ladioactii'c re 
sistoTS ^hich macasc in resistance as thc> age. These make 
possible the longer use of rcbtnd) shorter himg radioacti\-c 
material in electronic circuits Dccapng radioactii'c resistors 
ate connected to counteract arcuit changes produced b\ dcca^ 
of the mam radioactn-c matcruL 

For instance, if polonium siith a i40-das half life is used m 
the mam lonizabon chamber of a radioactive instrument, plate 
cunent decreases o 5 per cent per daj Normal means for com 
pensahon lowcruig the position of the operating pomt on 
the characteristic cuirc of the 6rst amphficr stage docs not 
restore complctclj the ongmal conditions With a polonium 
resistor m the gnd arcuit, howcixr dcca> of its actavih in 
aeases the gnd resistance ra such a manner that the pbte cur 
rent remains constant The limit of the usefulness of decasing 
radioactiie substances u then determmed on!) bj the leakage 
current of the msulatmg material cmplo)*cd. The same meth^ 
can be used mth an^ other natural or artifiaaU) radioactiie 
elements 

RADIOACTIVE ELECTROSTATIC ^OLTMETER 

The radioacbit resistor can also be med for measurmg high 
\'oltagc3 It wall be cspeoall) useful Adhere onl) a small current 
can be draisii from the source.* Bv i-amng the quanhtv of 
emitted radiation or the distance between the electrodes a 
v.idc range of i-oltages can be co^■e^ed, The ionization current, 
which u proportional to the applied i-oltagc m the ohmic por 
bon of the charactcnsbc curve, can be measured b> means of 

* L Goldstan md F Pemn, Cendenser Resistor U S Patent 59;€a3 
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amplifiers Measurements should be made over two ranges to 
insure agamst usmg a reading corresponding to saturahon 
cunent 

The degree of static electnaty accumulated on parts of a 
machme can be determmed b) means of a metal stnp coated 
with a radioactive alpha-particle emitter The stnp is placed 
near a part of the machine where an excess of charge might 
lead to fire hazards or any other undesirable event, and is con 
nected to the gnd of an elcctromc tube or directly to a scns:ti\e 
galvanometer The metal stnp should be well insulated from 
the ground. 

Radiation mtensity and distance between activated metal 
foil and machme arc so chosen that undo normal condibons 
the ionization cunent is zero (ohmic region) or is balanced to 
zero by a compensating circuit Any mcrease m current warns 
the operator of danger by light signals or an appropriate meter 
If the intensity of the radioactive source is great enough or if 
sufiBaent amplificabon is used, it becomes possible to operate 
a relay that will stop the machine automabcally 

The ionizing power of radioactive radiabons especially those 
of alpha parbcles, is utilized in discharge tubes to lower the 
sparhng potential or to dissipate space charge,* These appln 
cabons use either the direct radiation or the hght effect due to 
fluorescent compounds activated by the parbde radiabon 
While rclabvely great quanbbes of radioacbvc materials are 
necessary to change the discharge appreciably stabflizabonand 
reprodudbility of cxisbng condibons can be obtaracd with 
small amoimb 

* L. CoVJjtcm ind F Pann Cold Gitbodc Gojeom Diiclmgc Tabo. U S 
Fitcnt 511^8 
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RADIOACTIVE LIGHT SOURCES 

As soon as great quanbbes of radioacb\c materials become 
available at decreased pnees mnumcrable appbeabons vrill 
present themselves Light sources of various colors requiring 
no battery or power Ime conneebon can be produced bv bom 
bardment of fluorescent compounds with radioacbs'e radia 
bons The life of these sources will depend upon the half life 
of the radioactive element and the stabihty of the lummous 
compound. 

A radioactive light standard has already been developed* 
usmg radium as a constant radioacbve power source The 
fluorescent compound is exposed to the radiabon only durmg 
short mtcrvals (the radium foil can be easily removed) hence 
does not suffer any change. 

The mhcrent constancy of radioacbve light standards has 
one appheabon as a radioactive pyrometer ntilizmg the known 
prmaple that the bnghtness of certain fluorescent substances 
irradiated with alpha parbdes vanes mvcrselv with tempera 
turc. This effect is illustrated m Figure 3 for a polonium prepa 
rabon scrv-ing as alpha source and a special short persistence 
type of zme sulfide serving as the fluorescent matenah Light 
emission ceases at a temperature of about 1 50 C for this mate 
rial, but other compounds arc available for higher temperature 
ranges The method lends itself to control of the rate of tern 
perature change m tempering processes The same effect is 
produced by x rays or ultraviolet light, but a radioacbve source 
gives constant output along with freedom from servicmg 

•M Bku tnd 1 Fewr Rtdicactive Light Standard*, U S Patent 6S6704 
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KAUlUACnVE CATHODES FOR TUBES 

111 vHcuora tubes artificiaJIy radioactive substances can serv 
in place of heated cathodes mth such advantages as constancy 
of emission and uniformity of energy TTie emitted beta par 
tides cany dcctnc charges and hence can serve m place of dee 
Iron beams if radiabon density is suffiacntly high If the beam 
of beta parfaclcs is concentrated by dectnc or magnetic racth 
ods high dcctnc charges can be accumulated or heat and light 
effects can be produced- 

Gamma radiation has long been used m industrial radio- 
graphic ntirk. More recently neutrons arc bemg used for raeas- 
unng thickness and dcnsit} of heavy materials and checking 
uniformity and beta parbdes are bang used for examining 
light atomic substances 
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APPLICATIONS USING PENETRATING PROPERTIES 

A scanmng device for testing homogeneity and thickness of 
films during produebon utilizes beta ladiabon from Ra B and 
RaC plaques In these, a highly concentrated radium compound 
is anbght-coN'crcd by a thm metal foil in order to permit a 
maximum output of beta radiabon The beta radiabon ma} 
also be obtamed from an Ra E pbquc, which uses an Ra D 
source m equilibnum with its dcca) products and cos'ered with 
an extremely thin metal m order to absorb the alpha par 
bcles of polonium smee they arc not needed 
The scanning dciice uses a decay-compensabng method The 
beta radiabon penetrabng a standard film is compared to that 



mg dnicc 

going through the sample film The emergent radiabon can he 
measured directly hy the lonizahon effect produced m tn-o 
idenbcal lomzafaon chambers or mduectly bj phototubes re 
spondmg to the light effect produced on fluorescent com 
pounds as mdicated m Figure 4 With highly explosive mate 
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nal where even the smallest corrents most be avoided, the light 
effects can be compared by visual methods 

Beta radiabon can also be used effiaently m compaiatnc 
methods for measurmg changes m composibon of organic 
hqoids m tanks or inaccessible locabons The absorpbon co- 
efEaent of beta radiabon is rclati\’cly hi gh compared to gamma 
radiabon so that even slight changes m density arc easily dis- 
cernible. 

The range of alpha parbclcs m sobd matter is only of the 
order of loo microns preclndmg exammabon of thick mate 
rials but these alpha parbcles am crtiemely useful m detecting 
the presence or absence of even the smallest quanbbes of sohd 
matta m space. The radioactive mtegrator for measumig n 
regular areas shosvn m Figure 5, is an appheabon of this pnn 
crple. A plate uniformly cover e d with polonium is posiboncd 
far enough below a ssttc mesh gnd so that only the mart per 
pcndicular alpha radiabon can ionize the space bebnecn the 
gnd and the top electrode. If a plane surface of unknown area 
IS placed on the gnd, the lonizabon current will be reduced by 
an amoimt proporbonal to this area The gnd mesh is con 
ncctcd to the Imser plate. Use of a radioacbie gnd resistor of 
polomum keeps the plate current of the tnbe constant for 
equal surfaces m spite of the decay of polonium. 

The radioactne arrangement of Figure 5 can also be used 
to measure porositv and open areas of mesh surfaces, mtegratc 
the snlucs of curves or charts that have been cut out along their 
pcnphencs detenmne the most efBaent lajoub of patterns 
to be cut or stamped from metab or fabnes and measure areas 
of such things as precious metals foils furs and leathers If 
the radioacbve plate is coated with a beta emitter the apparatus 
can be used for thickness or dcnsit) measurements of plastic 
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or organic materials and for N’olume determinations For metal- 
lic materials the radioactive energizing material should be a 
gamma ray emitter 

DETECTING DISPLACEMENT 

\\Tien radioactn’c material is coupled directly or mdnectly 
to the moNang part of a svstaiL x-anations m position cause 
vanahons m lomzahon current or light effect that are readily 
amplified to gne practically any degree of scnsitnity and pre- 

OSIOIL*’'^ 

A tvpical appheabon here is the radioactne gal\-anometcr 
m which a >anc appropnatcl) plated with radioacbre material 



Fictni 6 Ridioactnc gahvDometer Ficuit ” Rsdio*cti>e babiKc. 


IS attached to the mov-mg s}-5tcm m place of a mirror as radi- 
cated in Figure 6 With a sunplc one-tube amplifier a rotabon 
of one mmutc here would lead to a change of between 10 and 
*.0 microamperes m plate current for the \-ane dimensions 

M Bhaandl Feccr ^^rthod for Dctectioa «nd Measorement— the Mme 
mentofaBod\ U S Patent 731380 

^ M Bko. Mcfliod and AppHitns foi Indicatmg and Measnnne Move 

mcnti, U 5 Patent 34- 
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shown With appropriate refinements the sensitivity can he 
even further improved 

The above technique is apphcable to any type of torsion 
meter The radioacfavc material on the moving part can alter 
natively cause emission of fluorescent light from a screen moni- 
tored by phototubes Since iODi2ahon and phototube currents 
can both be easily amplified the method lends itself mccly to 
remote reading or telemetcnng. 

The moi'ement of a balance can be magnified greatly by 
couplmg to the balance arm a radioacti\'e foil situated near a 
double lonizahon chamber asm Figure 7 With the arm length 
of an ordinary semimicxobalancc, the radioacbvc adaptabon 
was capable of recordmg vanabons of 1 microgram The accu 
racy of a mtaobalance was thus combined with the raggedness 
of a semrmicrobalance. The radioacbvc balance has the fur 
ther adN-antagc of mdicahng direcbvity above or below an 
cquihlmum posibon 

The radioacbvc balance arrangement shown in Figure 8 can 
be used for produebon waghing of small quanbhes of material 
within a predetermraed accuracy • The verbcal posibons of the 
lonizabon chamben can be adjusted so that maximum meter 
reading occurs when a predetennmed weight of material a in 
one balance pan The sharpness of the peah of the maxunum 
readmg can be adjusted by means of diaphragms at the open 
mgs of the lonizabon chambers to give the degree of accuracy 
desued With high enough radioacbvc mtensibes or mcrcased 
amphficabon m the output arcuit it would be possible to cner 
gizc a relay conbolling a lalw that would permit only a certam 
amount of material to flow onto the balance pan 

• M Blm *nd I Feoer DoJce *Dd Washing ^^rthod ftmlting 

babnee) U S Patent Appbcit^ 7^8636 
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A radioarti\’e airangement suitable for Ics'dmg or for deter 
mmmg the degree of mcktiabon is shown m Figure 9 Any 
deviation from a honzoutal posibon of the beam mcreascs the 
current m one phototube and sunultaneously decreases it m 
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the other If the outputs of the phototubes are arranged m a 
bndge aremt, the mstrumeat can be made quite sensitiN'e and 
can be adapted for automahe relcv’elmg 
The radioacti\'e miaometer shown m Figure lo is based on 
the fact that the range of alpha parfaclcs ra air is about i ooo 



times greater than their range m certain msulatmg orgamc 
liquids Small \’anations in spacrng between the plates of an 
lonizahou chamber situated m such a liquid giNx a consider 
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able percentage change in lonizabon cunenL The spacing b 
determined by the thickness of the specimen bemg measured. 
It IS possible to measure the heat extension of materials withm 
an error of ± i x lo"® mch While the maximum change m 
length or thickness covered by this mstrument depends upon 
the range of the radiation and the stopping power of the liquid, 
it 13 possible to m^surc greater changes by appropriate dis- 
placement of one of the electrodes 

To avoid polanzafaon of the liquid a-c voltages arc appbed 
to the ionization chamber Capaator C is used to nullify the 
altcmabng current that would flow through the capaatance of 
the lonizabon chamber to the gnd of the first tube. The oper 
atmg point of the first tube is chosen to minimize the loniza 
bon current that would flow during the mvcnc porbons of the 
applied voltage. 

The devices discussed m this chapter are merely representa 
bvc examples of the forenumcn of a wide range of mdustnal 
appheabons The number of these will increase nnmeasurabh 
with the progress of the sacncc of radioacbvity and the m 
creasmg avaflabihty of its raw materials 



CHAPTER V 



Nuclear or atomic cncrg} is dex-cloped m a reactor^ in the 
form of beat Some of the cngincenng problems of extracting 
and appljmg the heat uschdij and cconomicallj will be mdi 
cated in this chapter 


NUCLEAR ENGIXEERINC OF THE REACTOR 


Calcubhon of a reactor requires a lc\*cl of mathematics 
higlicr than conimonl) ncccssat} for engineering design Hith 

» TTie matCTiil m thd chapter fa from as article m \faciuDe Desiju July 
19^8 and o rcpnnlcd b) permown 

* Mt H Ethenngtem »■» fonnalv threctw ot the Ptrtti Pile Dninon at 
Ojl Ridge National LabetatmT and 3l present B Duector of the Nai-al Reactor 
Dnmori of Argonne NabooaJ Laborator} He haj been on lei\e of abwnce 
fiom the AHuChalmen hffg Co imct 19^6 to amit m dn riopincnt of 
atOTTIK pO«CT 

Rcactot haj been adopted by the \tom>c Ijicigj CommmKro as a 
prefened lenn for a pile" 
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erto reactors have been calculated by theoretical physicists; 
but engincenng progress in peacetime development of atomic 
energy demands that this work be transferred to the realm of 
engincenng 

The Fission Process Heavy nuclei tend to be unstable and 
under sufficient impetus may undergo fission, i c. may break 
down mto two smaller nuclei After fission of a nucleus, the 
two parts remam posibvely charged and by mutual repuhioo 
acquire a very high veloaty (about one thirtieth of the vcloaty 
of hght) The particles are stopped by surrounding sohd or 
hqmd matter in considerably less than o ooi mch of travel, and 
the kinetic energy of the particles is converted mto heat 

Critical Mass There is only one naturally occumng, read 
fly fissionable matenaL This is U*®® which is present m the 
amount of o 7 per cent in natural uranium the balance berng 
almost entirely U*®® AVhen fission occurs m U*®®, in addiboo 
to the two major fragments some surplus neutrons appear as 
debns from the dismtcgrabon The neutrons arc emitted at 
high speed ap p roximately one fiftcentli of the speed of light, 
and nuclear engineering is concerned largely with the fate of 
these neutrons On the av-erage, one to three neutrons per fis- 
sion arc emitted The actual number is of course, known but 
the mformabon is secret and in order to make the ensuing dis- 
cussion more concrete wc shall assume that there are two ncu 
trons released for each fission of U*®® 

If the planetary system of a single atom be represented by a 
arclc 12 inches m radius and a barely visible dot be made at 
the center with a hard pcndl this dot might represent to scale 
the size of the nucleus of the atom A ncubon is somewhat 
smaller sblL An individual nucleus therefore, presents an ex 
cecdmglj small geometne target and ncubons can wander 
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through matter uith considerable freedom so that man} of 
them escape from a reactor and are lost complete!} In a reactor 
contammg onlj a fen atoms of U-** the total efiFecti\ c target 
area presented b} the U**® nada would be so small that if a 
fission occurred mthm the reactor most of the two neutrons 
would escape and no chain leachon could occur If the U®®® is 
mcrcased until the total effechic target area is such that there 
will be one fission hit for each fission occuirmg then a self 
sustaining "chain reaction will result and the weight of U*®® 
IS called the enbeal mass for the particular reactor 

’Nuclear Fuels Although U®®® is the onl} naturalli occur 
nng, casil} fissionable material, both of the pracbcalJ} nonfis- 
sionable nuclei U ®* and Th'** (Ihonum of atomic weight 
13.) can absorb one neutron per nodcus and after tNs*o subsc 
quent spontaneous nudear changes become the new easn\ fis- 
sionable nucla Pu ** (plutonium of atomic weight 239) and 
U®®* (uranium of atomic weight 233) rcspecti\‘d} Neither of 
these materials occurs naturall} on earth Of the two neutrons 
assumed to be obtained from fission of a U ®® nucleus one is 
needed to continue the chain reaction and the other one is 
under ideal condibons a\ailablc to conicrt a nucleus of U*®® 
or thonum into a new fissionable atom Industrial power rcac 
ton must be designed to secure adiuntageous use of this a\-ail 
able neutron In fact conirrsion is $0 important that the whole 
future of brgc-scalc atomic cnergs ma} well depend on the 
degree of coneerston attainable, the opbmum condibon being 
production of at least one new fissionable atom for each atom 
consumed in the reactor and so c%*cntuall\ to male ax-aiTablc 
for fission the Tclalncl} large resources of thonum and U 
Thcprcscntl} known nudear fuels arc thus U ®® Pu'®® and 
U TIic first of these is present in natural uranium and can 
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be used without sqiaratiou from the associated U**® Howevc, 
direct use of natural uranium docs not permit good neutron 
economy and m general will require a considerably larger rc 
actor and bi^er enbeal mass than for the concentrated fueb. 

Uramum ennehed m U**® is bemg produced at the $500, 
000 000 separabon plant at Oak Ridge, and when mflitaiy cat 
dibons permit ^ it is presumed that this material will become 
available as mibal charge matcnal for industrial plants. It d 
probable that such plants may then have to generate fuel for 
conbnued operabon from the cheaper and more abundanl 
materials natural uramtrm and thonum Plutomum is bang 
produced m the large Hanford plants and it is hoped that ft 
will become available ultimately for use m the same way as 
U**® The thud fuck U*** exists only m quantabes snffiaail 
for laboratory invcstigabon and wiD not be comm eroaUy avail* 
able until large scale reactor operabons ha\*e pcnmtted manu- 
facture of this fuel 

Fast and Thsnrud Reactors If the fast neutrons from fis- 
sion arc permitted to boimcc around m a mass of atoms at 
ordinary temperahues they will impart then excess hnebe 
energy to the atoms by colh^on and may ulbinatcly be slowed 
from their inibal vcloaty of about 12 000 miles per second to 
a vcloaty of about miles per second, at which they wiD be 
in equihbnum wth molecular and atomic movement at ordi- 
nary temperatures A fast reactor is one m which the chain 
rcacbon is sustained by neutrons that rctam much of thor 
mifaal \'clocity whereas in a thermal reactor fission is produced 
by ncubons that have been slosvcd approxiinately to thermal 
vcloabcs 

* Aloouc Energv for Afilittry Parpotes, bjr Hcniy D Smytli, Ptfocel® Uoi- 
\ cnitj PrtSJ Thu u on official, jenupopular report of tbc mirtimc dcrelopocw 
of atomic energy 
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At thennai neutron NT^oatics the effechvt target area of 
fissionable nuclei is increased several hundred times conse 
quently the critical mass of fissionable material can be much 
smaller for a thermal reactor than for a reactor operating on 
fast neutrons This decrease m inventory of a very expensive 
and scarce material strongly favors adoption of a thermal reac 
tor for industrial purposes Heat transfer considcrabons lead 
mdcpendently to the same selection 
The Moderator The material employed to slow the fast 
neutrons is called a moderator Moderators must be chosen 
from among the elements of low atomic weight and their com 
pounds If atomic weight were the only entenem the most effee 
tive moderaton would be hydrogen hcan hydrogen helium 
hthium bayllinm boron carbon etc. m the order named 
However other considcrabons diminate helium hthmm and 
boron so we arc left with hydrogen, heavy hydrogen beiylhum 
and carbon or their compoim^ as the only promising mod 
crators 

THE PROBLEMS OF DESIGNING THE FIRST 
POWR REACTOR 

Figure i shows diagraramabcally the basic features of a 
promising type of atomic power plant The reactor is con 
structed of moderatmg raatcnal pierced by a large number of 
paialld holes Fissionable material is inserted m the core or 
center part of the reactor The core is surrounded by a reflector 
probably of the same material as the core and of similar con 

struebon This reflector is the breeding ground for manufiictuTC 

of new fissionable material from thorium or from U**« placed 
m the holes of the reflector Neutrons leaking from the core 
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mto the reflector have thar direction changed by collision with 
atoms of the reflector and many get turned around and re-enter 
the core, thus permitting a decrease m the cnbcal mass Other 
neutrons that would otherwise escape become absorbed m 
thonum or and so promote neutron economy 



Ficuir I Schemabcanangcmoil of ■Dttotnjc power plant The 

may be iteara ox gas for me ra i coo>eQtioiial liubiue ox other form of aigait 


Heat received by the recirculated coolant or heat exchange 
medium is transferred m a heat exchanger to the working fluid 
for the power cycle. The workmg fluid may be steam used m 
a conventional steam turbine plant, air or gas for use ra a gsJ 
turbmc cycle, or any other fluid that can suitably be used ra 
any form of heat engine. 

At the present tunc it is not possible to exclude any typ® ® 
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reactor from considctabon. There are man} difficult selections 
to be made and it ma} be necessai} to build several pover re 
actors before the ultimate trend of mdustnal atomic poMer 
plant practice becomes clearly established 
The kmd of Reactor Much heat exchange surface and 
reactor bulk is necessat} for cxtracbon of the large quanbty of 
heat to be deseloped m a power reactor A thermal reactor al 
ready proudes this bulk m the neccssar} moderator sshcrem it 
diffen from a fast reactor Ithasbccncxplamcd morcos“er that 
a thermal reactor has a much lower enbeal mass of fissionable 
material than a fast reactor The thermal reactor therefore 
offers a promising Imc of deielopmcnt for atomic posi'er plants 
The natural uranium graphitcHnoderated reactors built dor 
mg the ss*ar arc \-cn large (Figures 2 and 5) and therefore pro- 
\ide the bulk favorable to high power output However the\ 
are expensive to build and, as has been stated natural uranium 
does not provide the good neutron cconomv desired for mak 
mg new fissionable matenaL 

Present mdicabons therefore, appear to favor a thermal 
reactor operabng on ennehed U with subsequent subsbtu 
bon of U^** as the reactor breeds this fuel from thonum 
Choice of Mdfcrwk for Use m Themud Reactors In addi 
bon to the moderator the reactor mav have to contam other 
construcbonal materials The operabng condibons m a power 
reactor scvcrcl} restnet the choice of construcbonal materials 
In var} mg degree the nuclei of all atoms absorb neubonr and 
except where this absorpbon rcsulb m fission or conversion of 
a nonfissionablc nucleus to one that is fissionable, this repre 
sents a parasihc loss of neutrons 
Ncubon cconomv prohibib extensive use of anv of the com 
mon metals witlim the reactor Some use of alummum is per 
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missible and minor parts of iron and the other common mctah 
can be tolerated 

Some elements such as boron have such an cnonnoiis affinity 
for neutrons tliat they can be tolerated only m traces and a 
ceptional punty is demanded in all realtor materials which arc 
used m considerable quanhty 

After preliminary selecbon of materials m accordance with 
nuclear requirements it becomes necessary to consider fabnea 
tion and procurement problems and to satisfy normal engineer 
mg requuements Obviously the material must be suffiacntly 
strong at the temperature of operation and must be chemically 
inert to the coolant and other materials in contact with iL The 
very high heat release in a relatively small volume of material 
makes it necessary to pay particular attention to material prop- 
erties and designs conducive to low thermal stress 

Appheabon of materials to new fields has m many cases 
yielded unexpectedly disappointing results In a reactor the 
conditions of service will be radically diffiercnt from those m 
any tned and proved application and cautious cxploratoi) 
work will be necessary before any material can be used with 
entire confidence. 

Puidioactmty When a nucleus absorbs a neutron or under 
goes some other type of change, the nucleus commonly finds 
itself with surplus energy over its ground state —it is 
to be m an exated state. The excess energy is usually dissipated 
by emission of one or more gamma rays, identical m character 
wath very high-cncrgy x ray-s 

The nuclear changes occurring withm the reactor give nse 
to unstable nuclei that, like radium undergo radioactrsT decay 
extending ora an indefinitely long time. Consequently not 
only 15 there mtense radioachvitv directly associated with nca 
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tion absorption while the reactor is m operation bat there is 
also contmaom emission of gamma raj-s at a gradually dedm 
mg rate for some time, c\cn after the reactor is shot down- 

Nuclear rcacbons also giNe nse to alpha particles, which are 
csscnhall) high \'cloaty hehum nnclci, and beta particles v. hich 
arc high-\ eloaty electrons 

Sfueldmg of reactors to protect personnel from the effects 
of radiation is of course of paramount importance- Shielding 
from alpha and beta rays is eas) because these diargcd par 
tides are stopped m a small fraction of an mch of travd in 
solid matter Gamma rsys and x tap must be reduced to a safe 
le\ d by hca^7 shiddmg just as m mdustnal radiographic work 
Slov, ncatrons ma) be absorbed m human tissue with prodne 
bon of gamma nip and fast nentrons may cause eson more 
extensne damage when ther impinge on atoms m the bssne. 
Such effects are tatang place contmuallv m the human body 
under the mfluence of cosmic rap and some mcrcasc m this 
normal condibon is tolerable. Tolerance standards and meth 
ods of measurement ha\c been established and the shiddmg 
design must assure that exposure will be w-cll bdow the toh 
eiance lc\'d which experience has sbcfwn to be safe. 

The shiddmg must coutam suffiaent neutron absorbing ele 
mentj it must contam light dements to slow down the fast 
ncubons so that thes can be more readily absorbed, and it 
must absorb gamma rap which can be best accomplished In 
hcasy dements but which can also be accomplished bv a suffi 
aent thiclmcss of light demenb Ordinal} concrete pitmdes 
a cheap but bulks compromise of confiictmg requirements 
The word “cheap” is rebtne onh smee reactors mav be large 
and the concrete must be scs’cral feet thick 
Heat Exchange Medium The more otmous heat exchange 



82 


Constructrve Uses of Momw En 

mediums mclude air and other gases water and liqmd metak 
Liquids are mhcrently superior to gases m that they reqmre 
less pumpmg power for a comparable rate of heat rcmcnaL 
Water is excellent as a coolant and is used to cool the hrge 
plutomum produang reactors at Hanford, Washington (Fig- 
ure 3) However water is far from ideal as a heat exchangf 
medium for produebon of power because the S)’stcm must be 
operated at extremely high pressure to produce heat at a 
thermodynamically desirable level Use of water presents the 
addibonal problem of finding materials acceptable from a 
nuclear standpomt, that w01 resist corrosion at elevated ton- 
peratures and that will not develop films detrimental to heat 
transfer 

Choice of liquid heat exchange mediums other than water 
appean to be restneted to those low meibng metals and allojt 
that have suitably low neutron-absorbmg charactensbes Oh 
Mously the use of hquid metal at high temperatures will pose 
senous metallurgical problems 

Air IS used as the coolant m the reactor (Figure 2) operated 
at Oak Ridge Nabonal Laboratory Tennessee, for production 
of radioisotopes and for experimental purposes The heated 
air is discharged through a stack with no attempt at heat re 
coTiy The reactor to be completed at Brookhaven Nabonal 
Laboratory Long Isbnd will also be air cooled and heat will 
be recrnTred from the air to generate electric power as a by 
product The temperature level will however be much lo^^'cr 
than desirable for a true power reactor— at really high tem 
pcrahires graphite would bum and alummum metal parts if 
used m the reactor would oxidize. 

Inert gas as a heat exchange medium may \vcll solve the 
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problems of chemical and metallni^cal attack— m fact, helium 
was ongmalK considered as the coolant for the Hanford re 
actors However to keep the pumping power withm reason it 
win be necessary as m the case of water to operate the sj’stem 
under pressure. Gases alone appear to hold promise of attain 
mg really high temperatures such as would be required for 
gas turbme plants or for high-tempcraturc process work. It can 
only be said at this time that the chcnce of coolant is con 
trcnersiak 

Fuel Canning The uramum slogs used m the Oak Ridge 
and Hanford reactors are encased (canned) m alummum jack 
cb The reason is tw'ofold ( 1 ) Uramum metal is highly actn e 
chcmicallj and is oxidized by air and conoded by water (2) 
The mtemdv radioactwe fission products must not be per 
mitted to enter and contaminate a coolant that is being con 
tmuonsly discharged. Development of adequate canning meth 
ods at Hanford was a \‘cry difficult problem because the 
contamei rnnst be gas-tight and must permit uniform cooling 
of the uramum slug at all parts 

E^•cn for a coolant flowing m closed circuit, canning is at 
least highl) desirable. For high-tempcraturc appheahon it is 
necessary to solve the metallurgical and chemical problems 
of tmdcsired aHo^mg and difltusion the fabneafaon problems of 
canning complex shapes required for good heat transfer and 
the usual high-tempcraturc operatmg problems of warpage and 
plastic deformation 

Chemical Problems Durmg operation the oraniinn and 
thonuin slugs undergo nuclear and phjsical changes which 
make it necessary to withdraw them penodicallj for chemical 
reptooessmg and refabncaboiL The extraordinary radioactivit) 
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fuel may pro\*e to be a negligible item m the cost of atomic 
pem'er 

On the other hand, the mx-estment costs of the pm\‘cr plant 
v.iW be grcatl\ mcrcascd b) addihon of the reactor It lias been 
estimated that a complete nuclear power plant employing i 
modified Hanford type of reactor wnuld cost about hso and 
one-half times as much as a coal power plant and that on this 
basis the nuclear plant would be compctibsc if coal costs Sio 
per ton IIowc\'cr tlic Hanford reactor wms considered m that 
study chiefly because design and operating data were a\-ailabk 
for this t}-pe of reactor A reactor design pnmaril) for pema 
production ma) be expected to present a more fas-orablc pic 
tuic than a modificabon of a reactor designed for another 
purpose. 

Probablj nuclear poncr uiU find its first compebfave apph 
cafaon where traosportabon adds greatly to the cost of con 
s-cnbonal fuels Such appheabons include marmc propulsion 
to increase the payload by cJiminabng bunlcr fuel and po^cr 
mstallafacms m regions remote from foci supplies 

Another promising appheabon for nuclear energy is pro- 
dacbon of \'cry high temperatures The temperature attainable 
m a reactor is limited only by the rcfractonncss of the con- 
strucfaonal materials used, so that it is possible to attam direct, 
temperatures no^\ rcquirmg cxpcnsi\‘e cicctnc hcatmg. Tech- 
nological difficulfacs suggest, hem ever that high temponturc 
produebon must await successful dc^■cIopmc^t in the inter 
mediate temperature range of tlic nuclear po%\‘cr plant 

Hail Soon Could a Nuclear Poiiw Plant be BuUt? Men 

•Tbc JolcJuilKim] CootroJ of Atonuc Eoerey The Dqiartnwit of St^ 
Jnfom u bon p ie yceJ tn the office of Benaitf ht B*njch nxi tiinniutted to 
the United Nabew Atomic Ij>er^ Coranmnon 
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tion has bpen made of the expected production of bj'prcxiuct 
power from the Brookhaven National Laborator) reactor This 
madental production of por\'cr ma) not be a significant step 
m development of nuclear pcm'cr and the reactor probabl) 
should not be considered as a po\\-cr reactor m the accepted 
sense. 

With the urgency that characterized the project dunng the 
rvar and with a smaB fraction of the w’aibme effort, there is 
httle doubt that experimental high temperature piowcr reactors 
could be built wnthm two years to produce a few thousand kilo- 
watts of electneal output, and that early dc\elopment of large 
posser reactors could be forced In this country there appears 
to be no need for this degree of urgency Hor\n'er m other 
countnes geographic and economic condibons may well pwmt 
to a greater urgenq*' and it need hardly be pomted out that 
an cxten5i\’elj developed unpoheed atomic power industry pre 
sents an enormous mihtar} threat 

The expensive high-punt) materials necessary' m a reactor 
the elaborate control s)'Stem to insure safe opjcrabon and the 
\‘ery extensive shieldmg to protect persoimel against radiabon 
all contnbute to make a reactor an extremely expensive unit 
The requirements are similar whether the reactor is developed 
for small or large power output and even an cxp)cnmental 
reactor with its appurtenances will cost several millioiis of 
dollars 

The effort and expenditure that can be allocated to a de 
velopmcnt and construction program for experimental atomic 
power plants at this fame must be weighed agamst military 
demands and the demands for expanded experimental saen 
bfic werL These difficult decisions must be made b) the 
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Atomic Energy Commission, and unofficial specukhoii cod' 
cemmg the rate of atomic eneqgy development should be gntn 
httle \vcigbt 


CONCLUSION 

Conhnumg research is pavmg the way to successful dc\‘dop- 
ment of an atomic power mdustiy by erpanding our knemi 
edge of reactor charactensbes by developing suitable matenab 
and b) contributing to the solubon of many other problems. 
The engineering problems are neither tnvial nor insuperable; 
they must be solved by engmeermg development proctedni^ 
concurrently with research Components must, of course, be 
designed and tested, but oqienmental reactors must also be 
built and operated before commercial atomic power can be 
come a reality The cnginccnng development probably v-iH 
take many years and a concentrated major effort must not too 
long await further study of fundamental problems 



CHAPTER VI 


CHEMICAL PROCESS CONTROL 
WITH RADIOACTIVITY' 


BY ALAN P SCHREIBER' 


Since radioisotopes became a\'ai]able from Oai Ridge a bttle 
more than a year ago much pnbhaty has been given to ad 
v'ances in fundamental rcseardi and m the field of medicme 
brought about through the use of radioisotopes Little except 
\'aguc generahtics has been wntten about neu dei’clopments 
^hich maj be ejcpected within the next few jears from the ap- 
pheabon of radioisotopes and tracer techniques to mdustnal 
problems both m the plant and m the mdustnal research labo- 
latOT) 

Such a situabon is to be expected because, pnor to the Man 
hattan Prqcct few people had dreamed that we would e\*cr 
have mcxpensiie radioacbve materials of widcl} lar^ing char 

Based on *n irbcle m Cberaicaf Eng iu c am g, Jinoan iqjS anrrnjdit b\ 
McGam HiB Pablalung CcKDpaoy Inc. 

Mr AlaoP Schmba n at prejcnt emplojrd by Ibc Tocetlab iDc^Bortoii, 
Mas 

89 




90 Constnictrve Uses of Monuc Energy 

actcnsbcs available m the relabvely large qaanbfaes required 
for mdustnal purposes Until last year the mmutc quanfabes 
of radioisotopes a\’ailable from cyclotrons were of snch a low 
order of magmtude that few worlxrs m radioacbvity concentd 
of their use m lai^-scale industrial processes where daily con- 
sranptioii might run m millicuncs instead of a few rmcrocuncj 
as in t^qiical prewar research. 

Howc\‘er go\*emmentrcgulahons regarding the use of radio- 
isotopes ha\*e not guen mdostiy full enco ur a g ement to begm 
de^•clopmcnt of mdostnal appheahons of radioactivity Up to 
the present radioisotopes bax-e been restricted to use m pub- 
lishable research, either fundamental or apphed, and for medi 
cal purposes No provision has yet been made for pcnnitting 
their utilization m an) mdostnal process. Now however steps 
are bemg talcn by the Atomic Enagy Commission to improv e 
this situabon. 

The chemical mdostiy m paitocular has been built cm a 
highly compefabvc basis and pnxess secrets are numerous. 
Some manubicturen arc rcloctant to pursue research on poten- 
tial mdostnal appheabons because of the rcquircnicnt that re 
suits of such work be freely axailablc to others The patent 
situabon on discovcnes of patentable p rocesses utilizing radio- 
isotopes IS not cnbrel) dear regardmg the right to cidusivc use 
b) the m\-cntor or his assignee. Libgabon proceedings of on*^ 
or more test cases in a court of law wiU clarify this issue. 

Quesbons arising from potential health hazards both to plant 
workers and to the consumer arc further deterrents to activity 
m the mdustnal field. Despite the ccccTlent safety record of the 
Manhattan Project, there still remains the unanswered ques- 
bon of the long term effects from contmued exposure of per 
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sound to less than the current!) accepted conception of tol 
erance radiation dosage. 

There is the e^a: present threat of nuisance suits instigated 
b) consumers against manufacturers v\ho permit products to 
lea^c then pbnts containing small amounts of residual radio- 
actinty Keepmg the radioactint) rcmaming m finished prod 
ucts at a leNxl far below tolerance uall not be difficult E\Tn 
minute amounts of radioachnt) in consumer products ma) 
for a time, cause the manufacturer considerable embarrassment 
o\Miig to consumer ignorance and to inadequate precedent m 
court ruhngs of damage smts ms'olvmg lovs concentrations of 
radioactint) 


USES OF RADIOISOTOPES 

Litcrallf tens of thousands of potential mdustnaJ uses of 
radioisotopes c\ist Virtuall) csci) mdustiy can profitabh 
utilize the properties of one or more of the hundred-odd radio- 
isotopes uhose half h\'e 5 and aN-aflabiLty permit then consid 
cration for industr) At present there is need for senons and 
penetrating consideration of the potentiahbcs of radioisotopes 
inmdustr) Actnedc\-clopmcnt is needed for those uses uhich 
can do a more effiaent job than currentl) aiailablc methods m 
improving process control and rpiahtj lor^^enng processing 
costs b) saung labor and material, or ser^ng as a naming 
mechanism to protect pcnonnel from health hazards inherent 
m a process 

To get some concepbon of the mdustnal usefulness of radio- 
acb\it) let m consider how the raj-on mdustr) might use 
ladioactmb and tracer techniques The rajon mdustiy is 
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chosen not because it is partjcularly adaptable to these teeb 
niques Rather it is because uses adaptable to this mdnstiyaic 
tjpical of those m many others such as rubba plastics, fine 
chemicals petroleum rehomg, and paper 

Before making an analysis of the rayon process it shotild be 
understood that many of the uses of radioactivity which wiD 
be described have not yet been scnously investigated as com- 
mcrcial possibflibes The ocamples given arc merely Olustratnc 
of w hat might be done rather than what has been done or v,hat 
IS contemplated m the immediate future. 

I he process is as follows Cellulose, usually m the form rf 
sulfite paper pulp is treated with caustic to form aBah ceDo' 
lose Carbon disulfide is then reacted with the alkah cdlidoK 
to produce cellulose janthate, a crumbly sobd The lanthate 
is formed mto a solubon of high viscosity by the addibon of 
water and sodium hydroxide. This solubon, caDed viscose, b 
forced under pressure through spinnerettes contammg tmy 
holes mto a coagulabng bath to form yam filaments. The fib 
ments arc then ivashed and passed through a dcsulfunzmg bath 
to completely remove all residual sulfur TTicy arc nest coated 
with a lubneant such as sodium oleatc, a polyvmyl alcohol, or 
a petroleum base oiL 

If tracer quanbhes of radioacbvc sulfur®® as carbon disulfide 
arc added in the xanthabng process there are sc^c^al uses to 
which it could be put m process control 

A part of the sulfur is rcmm'cd m the coagulabng bath and 
the rayon filament is completely freed of it in the doulfurmng 

bath Continuous routme check of sulfur removal can be made 

by placing a Gager MOUcr counta m dose proximit) to the 
rayon filament or the solubons through which it passes Smee 
the radioacb\c sulfur is a fixed proporbon of total sulfur pres- 
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cnt, the total amount of sulfur rcmm-cd m the coagolatmg bath 
can be quickly determined Also a check is easily made after 
the desulfurizing bath to detennmc ssbethcr complete rcmo\-al 
of sulfur has resulted. It is quite possible that automabc elec 
trcmic controls could be desised to keep the coagulating and 
dcsulfunzmg baths SMthm predetenmned concentration ranges 
b> coupling the output of the Gagcr-^VlQller tubes through a 
suitable senomechamsm to s-als'cs on chemical solution tanks 


SAFETY DE\nCES 

A health hazard oasts at sc%-cral stages m the process Hjiiio- 
gen sulfide, carbon disulfide s-apor and mercaptans aH higblj 
poisonous are liberated m the coagolatmg bath. The use of 
carbon disulfide tagged svith sulfur^® can allciiatc this hazard 
Since the sulfur m both the hydrogen sulfic- and m the mer 
captans ongmates ra the carbon disulfide, these compounds 
will also contam radiosulfur Radioactivity monitoring devices 
placed in areas where leaks are likely to occur can be made to 
sound an alarm when sulfur containing gas or vapor escapes 
Such monitoring devices can be made suffiacntly sensibve 
so that the) will detect a leak before plant personnel will smell 
the odor of the escaping ^ Even more useful is a portable 
radioactivit) detection instrument for locating the c\act spot 
at which the leak is occumng. The low-encrg) beta radiation 
of sulfur*® makes it somewhat difficult and expensive to use 
for this purpose; however it can be made to operate succcss- 
hiDv An abrm sjstem such as this should prove even more 
valuable m plants processing highlj poisonous gases which do 
not have distinctive odors or wduch are cumulabve potsons 
In preparing the viscose solubon cellulose xanthate crumbs 



94 ConstmctTve Uses of Atomic Energy 

arc dissohed m sodium hydroxide to form a solubon of a prc 
dctcrmmcd concentraboiL The dissolving and dilubon procesj 
can be antomabcally controlled by use of radioacbvity tech- 
niques A patent has been granted (U S Patent 2304910) for 
determining specific gra\ity of flmds by measuring bactsat 
tenng of radioactivity from the solubon being measured 

SPECIFIC GRAVITY MEASUREMENT 

Bnefly this method is as follows A colhmatcd source of 
hard gamma radiabon is placed ontsidc of the contamer hold- 



Ficum I Specific u me45- 

nred i Ca^ei Mii& coonter Unt 
ddcct] bxl.3C*HCTnig of ga rTinu tf}5 


mg the hqmd for which the specific gra\ity is desired The 
radiabons impmgc at an acute angle on the container irafl. A 
Gager Mflllcr counter coupled to a counting rate meter s 
mounted to rcccnr scattered radiabon from the gamma source- 
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A lead shield is placed bch\-ccn the counter and the source of 
radiation absorbmg Mrtually all radiaticm from the radioactn-c 
source which is emanating m the direction of the Geiger 
Mfliler counter Figure i shows a diagrammabcal representa 
bon of the apparatus 

A substantial porbon of the rays enter through the contamer 
wah into the solubon The raj's are scattered withm the fluid 
m the contamer and the amount of scattering per umt \'olame 
depends upon the dcnsitj and composibon of the fluid. Con 
sidcrable scattenng will result as the raj-s pass through the con 
tamer wall but, knowmg the densitj and thiclmess of the wall, 
a constant correebon factor can be apphed. A porbon of the 
scattered raj's arc reflected bad to the Geiger-MflUcr counter 
the counhng rate detected being a funebon of the mtcnsitv of 
the gamma source and the densitj and thickness of the mate 
nals upon which the raj-s hzve impinged For a given sj'stcm 
the counbng rate meter can be cahliTated to read directlv m 
speafic grant) It is clanned this dcncc has been used with a 
high degree of rcproducibihtv m mcasuimg fluid densibcs 
between o 7 and 1 o gram per cubic cenbrneter m a pipe 6 J 
mehes outside dumeter with w'aB thickness of o 3 mdi 
An mstrument such as this can be easilj coupled to v'ahes 
automabcallj conbollmg the amount of causbc and water 
to be used in dissolving a batch of cellulose -anthatc to form 
a solubon of predetermined specific grant) 

If desired a higher degree of accuraev can be attamed with 
out the ncccssit) of shicldmg the Gager Muller counter b) 
plaang the source of gamma acbnty withm the tank and mcas- 
unng the amount of radioactmt) detected bj a Gcigcr Mfliler 
tube pbeed outside the contamer 
The backscattenng phenomenon has mans useful apphea 



96 CoTiStnictrve Uses of Atomic Energy 

bons For cjcample, tmng a similar mstnnnait to that shown 
schemabcallj m Figure 1 pipmg and tanks can be inspected 
for mtemal conosion without draining or mtcrfcnng with the 
process m any way If the density of the hqmd m a pipe and 
the material from which the pipe is made are known then it 
IS not at all difficult to caEbrate the counting rate meter m 
terms of pipe waD thickness 

This instrument mtegrates pipe wall thickness oitt an ara 
of roughly 1 square mch and will measure thickness to withm 
about 5 per cent Such equipment is now made commcraalh 
and is parbcularly valuable m mdustnal processes where cor 
rosion problems are senous It docs have the hmitahons of 
bang insensibi'e to deep pittmg and scale corrosion whac cor 
rosion products adhere to the metaL 

LIQUID LEVEL GAGE 

A liquid level gage utilmng radioacbnty has recently been 
developed which can be used to indicate hquid lc\‘el m an) 
tank used m the manufacture of rayon This gage is parbeu- 
larl) useful whac highly corrosii'c hquids arc to be measured 
or where it is desired that the tank have no openings through 
which gas or inpor can leaL A float contammg a hard gamma 
emitter which is constrained to \crbcal movement, is placed 
msidc the tank, A Gager Mhllcr counto coupled to a count 
mg rate meta calibrated m liquid depth is mounted dircctl) 
above the float and outside of the tank. 

As the distance between the radioacbve float and the Gager 
MOUer counta changes there is a corresponding change ra the 
detected counting rate which is mdicated on the cahTiratcd 
meta The output of the Gaga MuUct counta can be utilised 
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to open a EHmg ^•alx'c ^^hen the hqmd falls below a predeter 
mined levTL Fignic 2 shows a diagrammatical representabon of 
this equipment 



Dremg process control is for the most part an art rather 
than a science because so manr mdependent sanablcs arc pres^ 
cut Radioactrxaty can be of considerable assistance m con- 
trolling tn-o of these ranables namcli the d}-e conccutration 
m the d)-e bath and the weight of d\ e absorbed by the fabnc. 
The contmuons dyeing process m which fabnc is passed 
through a dje lat m a contmuons length is particnlatlv adapt 
able to this type of controL If one or more iadioacti\-e atoms 
were incorporated mto the d)c molccolc and tracer quantities 
of it were mixed with the normal d) e, the concentration of dye 
present m other the cloth or the dvc sat could be conhnuously 
and automaticall} dctcmmiedbyGcigcr-aSluIler counters Elec 
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tronicalJy actuated controls can regulate the dye bath conccn- 
tntion m such a way that the weight of dye per unit area of 
cloth emerging from the dye bath will be a predetennmed 
constant Process controls such as tliese will chminatc sob- 
rtanbal vanabons m shade between the beginnmg and the end 
of a d>cmg run which sometimes result with presently med 
methods 


tracing reactions 

The mechanism by wluch free sulfur appears in the coagu- 
lating bath and in the yam is not fully undentood Sodnim 
sulfate IS added m the xanthatc dissolving process to retard the 
appearance of coagulablc cellulose. It is not known wbetber 
the sodium sulfite produces more sulfur in the yam than doo 
the carbon disulfide which reacts to form the xanthate. Toco 
amounts of sulfur*® meorporated into either carbon dtsnlbde 
or sodium sulfite molecules can folJo^v the course of sulfur 
from other source. 

The presence of small amounts of manganese, non, coppc 
chromium and certain other mctalhc ions in the viscose solfr 
tion hai c resulted in produebon of rajon filaments of infcntff 

charactcnsbcs These materials accelerate the aging and npea* 

mg process and if properly conboHcd they might be adian- 
tagcously utilized to shorten the bine required for agmg and 
npcnmg Radioisotopes could be used m studies to detcrrnnic 
the lower limit of metallic ion conccntiafaon which affects the 
agmg and npemng rate since tbi’? lower limit may well be 
bdow that detectable by convcnbonal chemical methods. 

In all industrial appheabons of radioacbnty considerate 
care must be exercised m choosing the proper level of ratho- 
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activity concentration and the proper radioisotopes to use for 
elnninatmg the health hazards of excessive radiation exposure 
of plant pcnonncl Ever) effort should be made to utilize iso- 
topes of fairly short half hves and with as low an energy level 
as IS consistent with desired sensitivity of the process control 
mstrumentahon In locabons where the radiation is unshielded 
from plant personnel, it is qmte important that only alpha or 
beta emitters be used unless gamma emitters m low concentra 
hon can be satisfactorily utilized 

PROBLEMS INVOLVED 

A further pomt of importance m cxjusidermg mdustnal ap- 
phcabotis of radioactinty is the amount of activib, tetnammg 
m the finished product Most of the uses described m this 
chapter provide for removal of the radioactive material during 
the process In the few mstanccs where this is not the case, 
radioisotopes of short half life should be used in sufiiaentlv 
low concentrations as to consbtutc no health hazard to the 
ulhmatcuscr Thus it is evident that the extent to which radio- 
activity can be used in processes where it is not remov'ed from 
the finished product is hmiled by the number of radioisotopes 
tliat have both the rcqiusite chemical properties and a short 
half life. 

At least 88 elements have one or more radioisotopes available 
from natural sources from pile irradiahoii, or from cyclotron 
bombardment that have half lives sufficiently long to be con 
sidcrcd for use m industrial processes Lack of divcnity of radio 
elements is little cause for concern 

It IS unlikely tliat radioacbntv mil cause mdespread revolu 
tionary changes m the process industries wathin the next sev 
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craly^eais Inertia lack of personnel trained m the field of ia6o- 
activity and a general tendency of waiting for someone eke to 
take the first step will all contribute to sloiv mibal develop- 
ment Furthermore, the advantages gained m utdinng tracer 
techniques are frequently out of proportion to the required 
capital outlay 

Undoubtedly radioactivity will very shortly be called upon 
to solve many problems whidi have senously troubled mdostiy 
for some time and for which no satisfactory solution has been 
found m any other method These wiD be the first and prob- 
ably the more spectacular appbcations After that, imagination, 
economics and ingenuity vvfll determme the future course of 
radToactivity in mdustry 



CHAPTER VII 


RADIOACTIVE TRACERS 

IN METALLURGICAL RESEARCH' 


BY E S kOPECKH 


Wmi most of ib senior staff parbapabng, tJic Carnegie In 
stitulc of Tcchnolog) Metals Research Laboratorj has been 
engaged m a broad integrated fundamental research program 
designed to add to the knowledge of the basic science of metal 
Iurg\ Operatmg as a partiapating unit of an o\-cTall Office of 
Na\al Research program the Carnegie program has been and 
IS concerned pnmanl) svith tbc rates and mccliamsms of 
metallurgical reactions in molten metals and in solid metals 
In the section on liquid metals efforts ha\*c been directed 
mainlj toward a studv of reactions in stcclmaking and par 
ticubrh the measurement of actmtics of constituents m liquid 
mcbls and sbgs and tlic mechanism of reaction across a sbg 

B\ fiom The free Age »q srttdc appeamg m rtj mttc of Septem 

be 4 194 hj5 been toed for llns chapter 
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metal interface. The work of the sohd metals section has been 
primarily concerned with the rates of diffusion and concepts of 
mteratomic forces and achvibes m sohd solutions which ma) 
be mfened from diffusion data 

Tracers have been used in seebng the sulfur transfer coeffi 
aents and the calcium dcoxidabon constant m erpenments on 
the rea ebons across the slag metal interface, m the work on the 
self-diffusion of uon m studies of the mechanism of scaling of 
non and m efforts to examine microsegregabon It is planned 
to use them even more extensively m further research 

The overall Carnegie project is spread over scv’cral lanes of 
research embracmg the fields of physical and process metal- 
lurgy with both of these fields broken down to numerous mb’ 
divisions 

The scebon on pfaj-sical chemistry of steclmabog is dirccbug 
part of its efforts toward a study of mechanisms and kinetics 
of slag-metal mtcrface reacbons m an attempt to determine 
the rates and mechanisms whereby elements which arc soluble 
m both slag and metal cross the mterfacc between the tfl-n 
phases Sulfur and oxygen arc two such elements which are of 
fundamental importance to stcelmabng; consequently they 
were smglcd out as the first to be studied 

A good start has been made at detcrmimng rate constants 
for sulfur transfer from slag to metal and from metal to slag, 
but a finished research m this phase of the program is not 
expected until the mechanism of the transfer of sulfur across 
a slag metal interface has been worked out with the aid of 
radioacbvc sulfur When these experiments havT been con- 
cluded it IS expected that the work will be extended to the 
problem of oxj’gcn transfer utilizing vacuum fusion apparatus 
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and the melting and sampling techniques de\ eloped for the 
solfur stud) 

With radioactiic calaum ahead) m the laborator) uorh is 
under viay for determining the solubiUt) of calanm m bquid 
iron and the calciam-oi\'gen cquiUbnum in iron This is an 
excellent illustration of the appheabon of radioacbie tracers 
to a research problem u hich cannot be soU ed m an) other v-a) 
Classical methods of chemical and spcctrographic anal) sis arc 
not sensib\e enough to detect am solubflib of calaum m steel 
but extremely lov, concentrabons of calcium ma) be detected 
if some of the calaum atoms are radioacbie. Radioacbvc cal 
cium of course, beha\e chcmicall) the same as ordmar) 
calaum and the radi 03 Cb\ity will not be altered by high tern 
peratures 

A slag IS made up from radioacb\e calaum carbonate to- 
gether r«th ordmar) sihca and alumma Workmg m a \*cn 
hlatcd hood see Figure 1 this slag is placed o^er hqmd iron 
saturated svnth carbon m a graphite cruaTlc. It is cxpicctcd that 
a trace of calaum may be reduced from the slag and enter the 
metal The amount of calaum can be determined h\ suitable 
calcubbons from the rate of radioacbvc dismtcgrabon as meas- 
ured by a GagCT Muller counter Figure » shous the scalers 
and the lead chamba that houses the Gcigcr counter and 
sample bang counted. 

SaToal experimental diflBcuIbes remara to be soKcd before 
an\ results can be reported Expenments arc being made under 
reduang (blast furnace U-pc) slags and the effect of changes 
in slag basiat) is bemg mmbgatcd This porbon of the pro- 
gram IS based on the assumpbon that the solubflih of calaum 
in iron unll be great enough to be detectable b^ radioacbyc 
counting methods Should thcactiMb be too low to measure. 
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it IS expected that the negahve result will still be of saenhBc 
mtportancc, since it will enable some estimate to be made of 
the maximum solubility of calcium m iron 
In the work of the molecular conshtubon of slags a study of 
ionic properties is being conducted to help elucidate the con- 
sbtubon and properties of slags In attacking this phase of the 
program, use is made of elcctiomohve force mcasuremcnti, 
ionic mobihty studies, and conducbvity studies In the part, 
the Carnegie staff developed a carbon-siheon carbide couple 
rvhich provided a measure of SiOa acbnty m the slag; const 
qucntly the laboratory expects some success in further studies 
being conducted alcmg these lines 
As a first step in mvesbgabng the nature and mobflit} of ions 
in liquid slags and metals ©epenments haso been set up to 
determine whether an impressed elcctncaJ field across a sbg* 
metal mtcrface will alter the distribuhon of sulfur between sbg 
and metal It is proposed to continue studies of this sort, ex 
tending the work to the distribubon of oxygen between slag 
and metal on the one hand and the mobihty of ions within the 
slag phase only on the other hand 

Also scheduled for the near future is the direct detcnnina 
bon of the acbvihes of vanous elements m hqmd slags and 
metals by vapor pressure measurements, using radioactive 
tracers where avaOable, to fadhtatc analysis The method wiB 
mvolve condensabon on a cold target of an atomic beam 
sbeammg through a pinhole orifice in a crucible containing the 
hquid slag or metal at high temperature, the enbre operation 
being conducted under high racuum In cases where the \apof 
pressures become too high for appheabon of the atomic beam 
technique, the saturabon or dew pomt" method, such as used 
for vapor pressures of zme m brasses can be employed Slow 
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delivery of certain parts of the intncate apparatus for the atomic 
I beam method has delayed these cepenments until now 
L In the physical metallurgy section which is working on 
1 diffusion of metals the diffusion measurements under way or 
anticipated were selected for one of five purposes (1) To pro- 
vide data for the analy’sis of the kinchcs of the austenite 
pcarhtc reaction, (2) to substantiate the theoretical studies on 
bmaiy diffusion recently made on this project* ( 5 ) to extend 
present ideas on diffusion into ternary systems (^) to amplify 
tvBtmg mformabon m systems of mtcrest to the metallurgist 
which display properbes which are not cnbrelj metalhcr and 
(5) to study diffusion in structurally analogous systems as a 
basts of correlabon of diffusion with other physical factors 
Some of the diffusion apparatus is illustrated in Figure 3 
In the work of the kmebes of the austenite-pcaihte reacbon 
fondaraental diffusion data being sought arc the rate of self 
^bffusion of iron m both the alpha and gamma ranges and the 
rates of diffusion of carbon m gamma non At the present bmc 
the experimental determmabon of self-diffusion m both alpha 
gamma iron using radioacbve uon as a tracer is almost 
^^^pletc. It IS planned, in this pliasc of the program to con 
hnoc work on theorcbcal studies on the mechanism of austenite 
decomposibon. 

The seebon dealing with Ihe theory of binary diffusion in 
*ohd metals plans to study the gold-silver system to seek con 
finnabon of a theory developed on the project* It is believed 
that the diffusion coeffiaent is mv'anant vnth compiosihon if 
aebnbes rather than concentrabons are used m the diffusion 
ration and a enbeal test of tins theory would be best pro- 
•CE BbcbcnaH md R F Mrfil, ThcrnMxJvnamjc Actnrtw* tnd Difftoion 

™ Metallic SoUd SolutKjra Metili Technofofi June, 1947 T P ai68 
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vided by a system of two completdy misdble metals wheh can 
be obtflmed m very pure form and which are not suscq)h’hle to 
ondahon Hence, the desire for rrork with the silver-gold aBoys 
In delving into the theory of diffusion in ternary alloys, phni 
ha\*c been made to work on a representabve of each of three 
possible types of systems in which (i) all elements arc snbsto 
hibernal, (2) one consbtuent is intersbbal, and (3) two cexnpcK 
nents arc intershbaL The Cu Ni Zn s^-stera is an attractnt a 
ample of the subsbtubonal type of alloy because data already 
exist for diffusion m the binary systems, bat difficulties m 
preparabon of the alloys (zme boils at 980 F below the melt 
mg point of nickel) may force selecbon of some other syston 
The Fc Si C system wffl be explored as representative of the 
second type of alloy and it is expected that Fe-C-B will pro- 
Mde the acamplc with two intersbbal components 
Because of the citraordmarfly sbong and mystenons mfti' 
ence of boron on the bardenabihty of steel a prehminaiy deter 
mmabon of the effect of boron on the diffusion of carbon m 
alpha iron is already m progress The Fe-C-B system also fahs 
withm the scope of other research and the projects uiU be 
coordmated to supplement one another in such a way as ^ 
study tills very mtcrcsbng sy-stem without dupheabon of effort 
In fact, the full scope of the laboratory s research on metaihe 
diffusion can best be apprcaated, not from this project alone, 
but from the coordinated program which embraces work under 
several sponsored projects and doctorate theses Most of tba 
work, which is m progress or schttlulcd to start, is outlined »s 
follow’s 

A) Diffusion of iron (using radioacbvT iron) 

1) Rate of sclf-diffusion of iron m alpha and gamma 
iron 
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2) Effect of carbon concentration on self-diffusion of 
iron 

3) Rate of surface self-diffusion of iron 

4) Rate of diffusion of non in e\'ery dilnte solution in 
copper ruclwCl, and cobalt 

B) Diffusion of other elements m iron 

1) Effect of carbon concentrabon on the rate of dif 
fusion of carbon m gamma non 

2) DetcTtninaboa of rate of diffusion of hydrogen ni- 
trogen and boron m alpha non Effect of these ele 
ments on diffusion of carbon m alpha iron and effect 
of carbon on the diffusion of these elements m alpha 
irotL 

3) Detcnninabon of rate of diffusion of h\drogen and 
boron m gamma iron The effect of these elements 
on diffusion of carbon in gamma non and effect of 
carbon on the diffusion of these elements m gamma 
iron 

4) Determmahon of the rate of diffusion of chromium 
and sihcon m alpha and gamma iron the effect of 
carbon on the rate of diffusion of these elements m 
alpha and gamma non and the effect of chromium 
and silicon on the diffusion of carbon m alpha and 
gamma iron 

C) Studies on the mechanism of diffusion m binarj mctalhc 

sohd solubons 

1) The mfluence of lattice \'acanacs on diffusion using 
mchcl alummum and cobalt aluminnm allms m 
y-hich the number of sacanacs ma} be conboBed 

2) Precise study of mtcrfficc mos-cment in mctalhc dif 
fusion the ‘Rirkcndall Effect,'’ and quanbtatn-c dc 
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termination of countercurrent flow m diffimon, 
cspeoallj in the brass S}’Stcm 

3) Nature of the gram boundary and its rniportancc m 
diffusion penetrabon of bismuth into the gram 
boundaries of sohd copper as related to the rclatnc 
onentabons of adjacent copper cr)'stals and other 
\’anables 

4) Opbeal (reflecbvity) study of surface diffusion m 
the sfli-cr-coppcr sj'stcm. 

5) Interdiffusion and self-iiiffusion of gold and sflia 
m gold-silver alloys and correlabon with actmbes. 

6) Other theorebcal studies on the mechanism of sobd 

diffusion based on rc-^valuabon of published and 
unpublished data alrcad) available. 

D) Studies on diffusion m ternary nonferrous sj'steras, cop* 

per niclel zinc or copper nickehtm. 

The use of radioacti\-c tracers at the Carnegie laboratoiy has 
made it possible for the staff to study difl^on medianisnis m 
oxide films and thercb) to mvcsbgate the processes of the seal- 
mg of metals In working with iron, for eaample, a n’CT) thm 
la\eT of radioacbic iron is elcctnopbted on a polished surface 
of pure iron The metal is then oxidized under coutroDcd at 
mosphere and temperature, and the scale formed is stripped off 
m \*cr) thm lajxrrs by aad ctchmg. The distribufaon of radio- 
acbve iron through the scale )iclds informabon as to svhethcr 
the scale builds up by diffusion of oxygen to the iron or of nun 
to the oxj-gen 

It has ahead} been foimd that the mechanism of oxidabon 
IS more complex than caihcr mv'csbgators had suspected. The 
work has been expanded to include scaling under condibous to 
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produce all the possible combinations of single and multiple 
iron code lajers Figure 4 shesv-s part of the apparatus used to 
produce controlled atmospheres for sclccti\e oxidation It is 
planned to extend this v.xn'l. to the scaling of other metals 
where tracers are a\’ailablc. 

Supplementing the w orh m diffusion wall be a determination 
of the acti\at) of 2anc m alpha and beta sOm zme allos's 
upor pressure measurements Since diffusion data are expected 
to become a\-ailable for this sj'stcm it wall then be possible to 
correlate diffusion wath acbvihcs and to relate actnatics to 
short-range ordenng to verify conclusions drawai earlier m the 
project from the structural!} analogous brass S)"Stem ■* Direct 
e\adcncc on short range ordenng should be oblamcd b) x raj 
methods for the sih*er zme sj’stcm whereas copper and zme 
atoms ha\*c too ncarlj the same scattering pow’a to make this 
independent certification of ordenng possible for the brasses 
The stud) of the mechanism of reactioiis m the solid state 
B hampered by the absence of techniques for detcrmmmg con 
ccutration gradients on a submicroscopic scale. For example, 
the decomposition of austenite to form pcarhte w ould be better 
understood if one could know the carbon concentrabon gradi 
ents in the austemte immediatclj ahead of the ad\anang front 
of pearhtc, and across the ncwlj formed lamcllas High carbon 
rtceh containing radioacb\-e carbon ha\c been prepared bj 
caibunzmg pure iron usmg BaCOa containing tadioac±i\-e 
carbon as the cnergner Efforts arc bang made to dev-elop 
autoradiomicrographic techniques wath the use of extremeU 
finegramed photographic plates At the moment, it appean 

E BirdomlU lotmctwo «Dd Stroctore m Copper Zme ADmj,” Metals 
r«ataolof\ 14, Jane, 1947 TJ 1169 (AIMS) 
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that the resolution obtainable will not be great cnou^ to be 
useful m the study of tlie microscopically fine details of ao- 
rtcnite decomposition products 

Handling of radioacbvc materials used m the project, natu- 
rally presents a potential hcaltli liazard, and requires that suit 
able safeguards be enforced Fortunatcl), tlicrc is compaiabvth 
httle danger m\'ol\ cd in intclhgcnt handJmg of the tracas used 
m this metallurgical rescarcli because of the small quanhtKS 
used and tlie low level of activity of the samples In fact it has 
proved to be a greater problem to devise means of counhng low 
energy beta rays tlian to provide proper protection of pasonnd 
from radiation 

Health regulations pro\adc for periodic blood counts medi- 
cal cxaniinabon if indicated and rotnbon of personnel where 
necessary to minimize the cumulative effect of irraddboiL The 
rules specify tlic minimum requirement for checking hands, 
body clothing and working areas for radioacbvc contomina 
bon togetlicr with maximum permissible limits for such 
counts AH counts and exposure meter readings must be r^ 
corded It IS also necessary to include mstruebons for decon 
taminabon or disposal of contaminated arbclcs or waste, to 
outline first aid for injuries to place restnebons on eating 
places and to caubon rc^rdmg smoking habits to o\’Oid m 
advertent mgeshon of radioacbvc materials 

Although tlie Carnegie program is intensive and organized 
into specific clianncls of research os outlined abme, flexibility 
IS being mamlamcd so that emphasis can be shifted to all^ 
for unexpected results in the expenments and concurrent 
\clopmcnts m the metallurgical research field at large. 

It IS believed b) the research staff that the mfonnabon o 
tamable from this program will help m providing a sound basu 


Rudicxictnc Tracers 


311 


for the rc-c\-aluahon of steel making reactions y\nd, with the 
thought in mind tliat rates of diffusion Iiasc been \*cr\ little 
aploTcd the staff is aimmg at exploitation of tins field of 
sacncc so tliat this one of the controlling facton m reactions 
m the solid state ma) be better understood and utilized 
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that the resolution obtainable will not be great enough to be 
useful in the study of the microscopically fine detaib of au 
rtenitc decomposition products 
Handling of radioacbve materials used m the project, natu 
rally presents a potential health hazard and requires that suit 
able safeguards be enforced Fortunately, there is comparativcl) 
httic danger mroh ed m intcUigcnt handling of the tracers used 
in this metallurgical research because of the small quanbbes 
used and the low level of activity of tlie samples In fact, it has 
proved to be a greater problem to devise means of counting low 
energy beta rays than to provide proper protection of personnel 
from radiation 

Health n^julabons provide for periodic blood counts mcdi- 
cal cxammation if mdicatcd and rotabon of personnel where 
necessary to mmimizc the cumulabvc effect of madiahon The 
rules specify the mmimum requirement for cheebng hands, 
body clothing and working areas for radioactive contamraa 
bon together with maximum permissible limits for such 
counts AH counts and exposure meter readings must be re- 
corded It IS also necessary to include mstructions for decon 
taminabon or disposal of contaminated arbdes or wastes to 
outline first aid for injuries to place restnebons on cabng 
places and to cauhon regarding smokmg habits to amd m 
advertent mgeshon of radioachix. materials 

Although the Canute program is intensive and organized 
into specific channels of research as outhned above, flexibibty 
IS bang mamtaincd so that emphasis can be shifted to allow 
for unexpected results in the expenments and concurrent de 
v-clopmcnts m the metallurgical research field at large. 

It IS bchc^'cd b) the research staff that the informabcm ob- 
tainable from this program wiD help in providing a sound basis 
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for the rc-o^luabcm of stecl-makmg rcacbons And, with the 
thought m mmd that rates of diffusion ha\e been \*cr} httlc 
explored, the staff is aiming at exploitation of this field of 
saence so that this one of the controlling foctors m reactions 
m the sohd state, may be better ondeistood and utilized 
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by the heat released there. The reactor therefore replaces the 
bofler of a conventional power plant The steam expands 
through the turbine, which dnv« the propeller The steam u 
then condensed m an air-cooled condenser and is forced back 
into theboflcr-reactorbya feed pump This type of power plant 



requires the use of both a propeJler and an air-cooled con 
denser which will cMdently limit the airplane speed at which 
it can be used For that reason it does not appear as practical 
as other possible appheaboos 

Another appheabon of atomic energy is m the turbo-jet 
What IS done here is simply to remove the combusfaon cham 
ber of the coni-enfaonal turbo-jet and replace it mth a nuclear 
reactor Air is compressed and forced through the reactor 
where if is heated by con\-ecbon instead of b) combushon of 
fuel It then expands partialis in the turbine, enough to pro- 
vide suffiaent power to dnve the compressor and finally m the 
jet nozzle where it creates propuJsi\*e thrust This type of power 
plant IS \’ery well suited to high-speed airplanes 
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On paper the ram jet 15 the simplest type of poner plant 
concarable Air enters the rhfiusei at the front end of the en 
gme and is compressed bp the fomnrd speed of the plane. It 
then passes through the nuclear reactor nhere it is heated to 
a high temperature, and goes mto the eihaust nozzle, \ihere 
it expands and aerpntes a high leloat) to pronde thrust The 
ram )et requires a high flight speed to function at aH and be 
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comes reaDy cffcctn-c at extreme speeds high m the snpenomc 
region The air temperatures required b} the ram jct arc \cry 
high, considerably higher than those needed b) the tnibo-^ct 
At the same tune, the ram ]Ct is sensiti\ c to pressure drops 
caused b) the mtema] flow resistance of the reactor or com 
bustion chamber Good beat transfer conditions must alwa\s 
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be paid for by appreciable pressme drops The ram jet is there 
fore not quite the simple problem it appears to be at fint glance. 

In the appheabon of nuclear energy to a roclct a propellant 
(liquid hydrogen for example) is pumped out of the tani and 
through the reactor where it is vaporized and heated to a high 
tempcratiue. It tlien escapes at high veloaty through the ci 
haust nozzle The rocket is driven by the recoil of the escaping 



propellant and thus is not dependent on atmospheric air for 
Its funcboning It can therefore^ operate outside the earth s 
atmosphere. 

One may well ask where the advantage lies m using nuclear 
energy for rockets smcc their endurance is limited and they 
can operate only until the fuel is exhausted, regardless of the 
pracbcahy unhmited supply of energy in the reactor Nuclear 
energy offers a definite advantage in rockets because the maxi 
mum impulse, the pounds of thrust that can be obtained from 
each pound of fuel used per second results from a combinabon 
of the highest possible temperature and the Imv’est possible 
molecular weight of the fuck 

The high temperature is obtained normally m a chemical 
rocket by the combusbon of a fuel and an oxidizer whose prod 
ucts of combusbon are then used as the propellant Since the 
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propellant is the result of the combination of at least two 
atoms Its molecular weight will be fairly high If hj'drogcn and 
oxygen are used, the resulting propellant is water ^■apo^ with 
a molecular weight of 18 If nuclear energ) is used to provide 
the higher temperature, there is no need for the process of 
combustion and a ver) light propellant, hhe h)diogcn with a 
molecular weight of 2 can be used The specific impulse of pure 
hydrogen at the same temperature is three times that of water 
s'apoT 

Man) of the problems which he in the path of the practical 
realization of atomic aircraft power plants are connected with 
the use of high temperatures Urdike chcmicaH) fueled engmes 
high thermal effiaenc) is not the pnmai) reason for wantmg 
high temperatures m a nuclear engine Specific fuel consump- 
tion is of Mtal importance m a chemicall) fueled engine How 
c\*cr for a fuel with a heating value of 40 biHion Btu per pound 
(hke uranium) specific fuel consumpbon is \*anishmgly small, 
from a performance standpoint, and thermal efBaency m itself 
IS not a pnmai) objective. High performance is howeser and 
high performance calb for high operating temperatures For 
instance, a high thrust per pound of airflow per second is re 
qiured in turbo-jets for high-speed airplanes This requires a 
high energ) input for each pound of an and, therefore, a high 
air temperature. 

The temperature problem is aggra\’ated b) the heat-transfer 
problem We actually arc taking a long step backwards along 
the road of de%-clopment in the hghtwoght engme. The great 
ad\-ance m hghtweight design which made the automobile and 
airplane possible, came to pass when it was learned how to 
avoid trausfcrrmg heat through walls as m a boDcr In other 
words with the advent of mtemal combusbon 
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In a nuclear engine, the heat is generated m the solid por 
bons of the reactor and must be tiansfened to the i^mhng fluid 
tlirough heat-transfer surfaces Fortunately we ba\T learned a 
lot about heat transfer m the past fifty >Tan so rv*e are not 
starting quite as far bad as the gasoline engine. 

One basic fact remains, and that is that the mtcmal sur 
faces of the reactor must be at a temperature higher than tlic 
highest temperature of the worhng fluid since heat must flow 
from the reactor mto the flmd. It can flow only if there is a 
posibve temperature difference. This is very different from the 
mtemal combusbon engme where, as m the automobfle, the 
cycle temperatures reach 4,000 d^ecs while the mtemal sni 
face temperatures can be kept down to around 500 degrees bv 
externa] cooling On the other hand there arc no moving parts 
in the reactor and the reactor dements are not sub;ectcd to the 
high dynamic stresses which are encountered m such parb as 
pistons valves or turbine buckets It can be said broadly that 
the temperatures necessary for the rcalmabon of an atomic 
engme are not unreasonable from the mctalluigical standpomt, 
but they do ncv'crtheless engender a number of difficult prob- 
lems 

One of these problems is the profeefaon of the uraniura in 
the reactor against corrosion by the working fluid and, con 
versdy the prevenbon of the escape of the radioacbvc fission 
products from the reactor mto the working fluid This is a 
problem of diffusion and diflFusion rates genciallj go up with 
mcrcasing temperature. The development of adequate can 
ning for the high-tempcrature reactor elements is therefore, a 
major problem 

Another crunal problem as m any aircraft, is weight In an 
atomic engine, it is necessary to use large amounts of mass to 
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stop radiations emitted dunng the fission process A comparison 

wii a con\entiona] airplane can help us Msuahze the magm 
hide of the weights nhich may he allotted to shieldmg The 
n’oght of the propulsion sjstem comprises substanhaD) three 
major items the pon’er plant proper the fuel, and the fuel 
tanis In the nuclear aircraft, these correspond to the engme 
(compressor-turbine assemblj m a turbo-jet) the nuclear re 
actor and the shieldmg 

The “engme” component of the nndcai installation ma) be 
expected to weigh appromnately the same as a con\'enhOTial 
pemer plant of the same horsepow-er or thrust rating The 
n eight of reactor and shielding is therefore cqm\-alent to the 
V, eight of the fuel and fuel tanks m a chemically fueled aircraft- 

The percentage of the airplane gross weight hich can be 
allotted to fuel and fuel tanks or to reactor and shielding, de 
pends primarily on the structural refinement of the airplane. 
In present-da) long range airplanes it represents a lery high 
percentage of the gross weight and is m some cases xrell m 
excess of 50 tons It is therefore obvious that the problem of 
an atomic-poiv'cred airplane is m an entirely different categor\ 
from the problem of an atomic powered automobile, although 
they have often been menboned together m discussions of 
atomic energy 

Not onlj the absolute weight of the shielded reactor is nn 
portant but also its specific w-oght, or its weight per umt of 
thrust produced by the power plant The w eight of the shielded 
reactor is bed in with the grow weight of the airplane h\ strac 
tural effiaenq The aerod}'n3mic effiaencr of the plane, the 
rabo of lift to drag hes m the reqmred powTT plant thrust with 
the airplane gross weight The required lift is equal to the gross 
w eight w hilc the resultant drag must be oirrcome bv the pow cr 
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plant thrust By combining these rclabonslnps, \vc amvc at 
a formula which ties in the power plant performance with 
the aerodynamic and structural charactcnsbcs of the air 
plane the spcafic weight of the reactor must be less than or 
equal to, the hft to-drag rabo tames the rabo of permissible 
reactor weight to airplane gross weight The range of an atomic 
pow-cred airplane is pracbcally unlimited and is not a design 
variable. 

Shielding weight is influenced about equally by two enbrely 
separate variables One is tlie size of the reactor core around 
which the shielding must be wrapped The other is the thick 
ness of the shielding itself or, more precisely, the mass thick 
ness needed to stop gamma rays and neutrons emitted by the 
fission process 

Malang the reactor small is an obvious way of reducing 
weight of shielding However, it means releasing energy at a 
high rate in a small volume. Although a nuclear reactor can 
potentially generate heat at a pracbcally unlimited rate, Hits 
heat must be conducted from the intcnor of the fuel rod to its 
surface. It must then be transferred from the surface to the 
working fluid, mcanmg high temperature differentials Ingh 
pressure drops large mtcmal surface areas and all other diffi* 
eulbes associated with high power dcnsibes Furtlicrmorc, Hie 
smaller a reactor is the larger the rabo of its surface area to its 
volume and the easier it is for ncubons to escape without caus- 
ing new fissions A smaller reactor may therefore require a larger 
investment of uranium in order to sustain the chain rcjcbon 
and tins may prove undesirable from an economic standpoint 

As far as mass thickness of the shield is concerned the best 
materials for stopping a given type of radiabon of a gnim energy 
arc rclahvcly well known However the radmhons emitted b) 
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a nuclear reactor are of two major tjpes neutrons and gamma 
raj’s each cenenng a Viide spectrum of energies As they pass 
through the shield, these radiabons graduall) diange their 
character The fast neutrons slori down by successn-e collisions 
v.'ith nuclei of the shield matcnal the gamma raj-s are absorbed 
and m turn softer x raj-s are emitted A material r\hich is good 
for stoppmg gamma raj-s may not be the best when gamma raw 
and neutrons arc considered together and a material uhich is 
good for the mneimost part of the shield maj not be best for 
the outer laj’trs There is therefore, considerable room for 
weight reduebon by ingenious design 

Since we are dealing v.ath a relatn-clj thich shield surround 
mg a rclatu'cl) small reactor the apparent paradox holds true 
that, for a giien mass thickness the greater the dcnsit) of the 
shiddmg material the lighter the shield If the density of the 
shicldmg material is doubled and the thickness of the shield 
is cut m half the volume of the shield is decreased b) consid 
erablj more than a factor of two and the total weight is re 
dneed accordingly 

From the pomt of \^cw of convcnbonal power plant expe 
nence, shicldmg may be used as a good example of some of the 
unusual aspects of nuclear engmeenng If « mches of lead 
reduce some radiabons to one tenth then or igin al mtcnsitj 
4 inches of lead will reduce them to one hundredth, and 6 
mches to one-thousandth of the ongmal intensity The radia 
bon intcnsibes encountered m nuclear reactors most be rc 
duced by factors of man) billioas before thej are safe for 
humans 

A good reflector may turn back as manj as 90 per cent of the 
neutrons escapmg from the reactor but it uuuld be ntong to 
assume that this would sohr nmc-tenths of the neutron shield 
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mg problem It is more likely to represent only about lo per 
cent of the )ob In addibon it is very important to pro'cnt the 
escape of scemmgly small amounts of radiation through joints 
or seals m the shield around the reactor 
The choice of materials for shicldmg also presents unusual 
problems Existmg reactors mostly use large quantities of con 
Crete for shielding, but conaetc is Iiardl) a suitable aircraft 
material The cflFect of intense radiation on the properbes of 
the materials must also be considered It has been found that 
the clectncal resistance, the elasbcity and the heat conductn 
ity of graphite all change with exposure to mtense ncubon 
radiabon 

The atomic-powcred airplane most be designed for veiy high 
speeds to talc advantage of the speaal charactensbes of atomic 
power It certamly will be a large anplane. It will have to be 
designed for a landing weight which is equal to talcoff weight, 
Since pracbcally no fuel will be used up m flight Because of 
radiabon the CTcwlocabons should be placed as far away from 
the po^ver plant as possible. That would permit some weight 
saving m the shield 

Structural requirements wfll be somewhat different from 
those of convcnbonal auplancs sin«? the fuel load will be con 
centrated m one spot in the reactor rather than widely dis- 
tributed In this respect the atomic airplane may not difier 
much from some of the thin wm^id high-speed airplanes non 
under development which do not use wing tanks 
These are some of the problems associated with the develop- 
ment of a nuclear aircraft power plant Thej are not losur 
mountable problems but such a development is by no means 
an easy one. 
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CERAMICS 

AND NUCLEONICS" 


BY A L JOHNSON" 


INTRODUCTION 

The impact of nucleonics on ceramics the oldest industry novv 
scrvmg mankmd,* has been enormous, as has been its impact 
on every other mdustry Changes in our thmkmg, neu ideas 
and bends for research are the factors nhich ceramists must 
consider as a result of the expencnce attendmg the dei'clop- 
ment of the atom bomb The part plaved by ceramics m the 
deielopmcnt of this bomb as earned out by the War Depart 

1 Matcnal m tim chapter ipporcd id the BaPctin of the Amencan Ceiamjc 
Socjch 7 (6) Jane 15 1948 od h med here b) paumswo. 

• A. L Johnion Sc D u director of r ocar ch foe the Urmersa] RoDdfc Corp 
For OEht \c2n he rm cd on the MIT tcadun^ itaff Dnirw the m-ar he was 
uith the itadfltioo Laboratory (M IT) and the Manhattan ftojecL Dr John 
son darmg i946-.f8 was on the sta 0 cn Iowa State CoUegc and also ser\ed as 
ceramic consultant to the Ames Laboratoc} (Atomic Energy Conraumon) 

The ccauuc mdoitrj can trace iti Imcage to the NeohSic Man of the Stone 
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mcnt. Corps of Engineers (DSM project of the Manhattan Dis- 
tnct) although small, was vital 


MANHATTAN PROJECT 

In 1943, ^ben the Metallurgical Laboratory^ had as one of 
its ob)ecti\'es the development of processes for the extraction 
preparation and purification of fissionable materials the need 
for extraordinary refractory containcn was foreseen Whatc^rr 
process the immediate future would unco\er for the prepara 
bon of these materials there ri'ould be a demand for rcfrac 
tones of umque speoficahons Just os m the produebon of 
metalhc iron from its ores where refractory materials have rra 
portant functions, they would also be important m the metal- 
lurgy of fissionable matenak Estronel) ngid specifications 
^vere placed m this instance on tlie refractory after a prelim 
inary considerafaon of several factors For example, sbgging 
tendenaes were to be avoided between the refractor) and the 
metak upKjn whose recovery depended the enhre expenment 
In this connection it may be worth whOc to recount the nn 
portance of the piinty requirement of the ceramic matenak. 
An account of the problems associated with the harnessing of 
atomic energy* has stressed the importance to the success of 
the project of a value known as the mulbphcabon fector fc." 
This factor is the rabo of the number of neubons produced b) 
fission to the number onginally present m the system If the 
rabo falk below unity atomic fission obviously is not self sus- 

* TTie MctaUnr^lcal Laboiatocy was that part of the DSM project headed by 
AH Cempton with beadquartof at the Univenfty of Chicago 

•H D Smjth CcDerai Accornit of Dcveio pm cT t of hidhods oi Atoimc 

Ejicrgy far MiiitovPinposej ondcr Auspice*^ the U S Corenuoent Pnucetco 
Unnemty Press, 19^5 
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fcauung and will peter obL Oq the other hand, if the ratio is 
maintained at slightly greata than unity a self snstainmg 
atomic cliain reaction can occur The success of the entire ex 
penment depended on the mulbplication factor Smee it was 
impossible to obtam a s-aluc based on anythmg other than 
actual test, the first uranium pile u'as built to detennme, among 
other thmgs, the value of fc. E\-eiy human precaution rvas excr 
cased to construct a pile accordrog to rigid ptmty requirements 
smee the presence of neutron absoihers mthm the pfle could 
reduce the h factor 

Because man) elements are neutron absorbers and the pres- 
ence of such absorbers is detrimental to the operation of the 
device wherem the chain reaction proceeds the hst of elements 
from n hich refractor) shapes could be fabneated nas qmte Inn 
ited For example, it nas bdic\*cd that, because of impunties 
clay (the mmcral kaolimte) could not be utilized m the de 
velopment of refiactones for this project Special ondes and 
several other special refractory materials whose punt\ could be 
more easily controlled and whose compositions were such that 
neutron absorbing elements were absent were the object of 
stud) for use mrtead of the normal ceramic materials This was 
the general oTrall picture carl) m 1943 about the time of the 
establishment of a ceramic group whose function would be to 
ser\c the metallurgical laboratory 

Ceramic problems, however were studied at \-anousstabons 
before this time. For example, m the metallurgy of uranium 
Speddmg* and his group at Iowa State College had to o\'crcomc 
senous refractory problems before oranram of high punty conid 
be produced Rigid speaficabons on the metal were placed as 

• ^owa State Collejc Engaga m \toauc Bcmb Proicct,” djcmaal Erameer 
mg New* 23 [22I 2076 (1945) 
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a result of the experimentally determmed k factor previously 
mentioned The details of these problems and methods for 
solving them arc still closely guarded seacts Certam ceramic 
materials were made at lovva State to be used m the separabon 
of isotopes by the cyclotrom 

Similar cxpenenccs undoubtedly existed at the several re 
search centers where work m conneefaon with the DSM project 
was earned out An mtaesting development resulted from 
work done at the University of California ' To answer thar 
needs refractory pieces were made out of cenum and thonura 
sulfides which had umquc properbes 
A ceramic group was funchonmg m the Metallurgical Labo- 
ratory m 1943 but because of the increasing number of prob- 
lems which had to be solved, the group soon outgrew its foed 
ifaes In February 1944, the ceramic stafi moved to new 
headquarters at the Massachusetts Insbtute of Technology 
The ceramic work at M 1 T dealt with three classes of re 
fractones m an effort to cover cv'cry possible type which might 
be required by the entire DSM project These included (d) 
oxides of thonum berylhum and magnesium (b) vonous 
nitndcs, and (c) sulfides of cenum and thonum 

The ceramic mdustry has ubiizcd various ondcs as special 
rcfractones from time to tune. Whereas nitndcs and their 
properbes had been mvcsbgatcd by others many of these com 
pounds were extensively studied and refractory contamers fab- 
neated and tested for the first tunc because of work done on 
this project by vanous gronps The group at Iowa State rnvesb 
gated nitndcs for certam uses before the ceramic group at 
M.I T began large-scale mvesfagabons As was prcvioosl) men 
boned, the group at Berkeley oxiginally worked with the suh 

T E D EojlnuD directed the work of tba grmrp it the Uorvemty of Caltfomi* 
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fidcs which offered a great deal of promise. Calculations mdi 
cated that certain sulfides w-ould display great stabffitym-v’acuo 
In spite of the problans associated \vi\h the production and 
use of the sulfides their unique properties make them mterest 
mg ceramic materials 

Since no one knew definitely which type of refractory n ould 
best ser\'e certain needs of the project, mterest in one or another 
of the groups would fluctuate accordmg to the results of tests 
r\hich attempted to simulate the action of fissionable mate 
nals m an effort to predict their behavior The simulated tests 
did not always give data which were reliable m judgmg the be 
havior of ennehed fissionable materials 

It was impossible, thaefore, to determine m advance defi 
nitd) which ty-pe of refractory material wnnld be required m 
the final operations 

Tor this reason each refractory material was studied thor 
oughlj because of the possibihty that it might be selected for 
use after final tests were made. This meant that sources of raw 
materials had to be developed to handle anhapated needs In 
the cases of the mtndes and sulfides the problem of svnthesm 
mg a raw material of suffiaent punty to meet requirements and 
in qaanhbes which were considerably larger than laboratory 
methods could produce had to be considered Consequentlv 
methods of synthesis m many cases had to be expanded to 
pilot pbnt size. 

The fabneabon of shapes was one of the most difficult prob- 
lems with which the ceramist had to contend Tal-c away clav 
and its ability to be readily molded and those famihar with 
clav will have some idea of the difficulbes encountered m the 
fabneabon of intncatc shapes from the nonplasbc materials 
dcscnTicd Casbng techniques seemed to lend themselves read 
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ily when thm-waUcd items of symmctncal design were reqtured, 
but these shapes were in the mmonty and the bulk of the 
shapes had to be produced by other methods For reasons of 
punty, the ordinary types of binders could not be used m the 
pressing method of fabneabon New pressing techniques had 
to be developed so that ware could be produced The problem 
of firing fabricated shapes was no small item Although the 
ceramist is faraUiar with high temperatures and furnaces for 
the attamment of these temperatures such work is usually rc- 
stneted to laboratory scale. In many cases temperatures from 
1700 to 2.:^oo*’ C were required for produebon wwlc. Further 
more, full-scale produebon firing in vacuums of 10“® mflh 
meter of Hg at temperatures of j8oo® to 2100 C had to be 
undertaken with the w'ork on sulfides and nitndcs 
That these and other difficulhcs were successfully met is his- 
torical fact It now behooves us to profit by the expencnccs of 
this undertaking What arc some of the factors which should 
influence the thmkmg of ceramists everywhere as a result of the 
studies on this project? It is a tunc to take stock and set forth 
new plans This is the impact of nucleonics on ceramics! 


RESEARCH TRENDS 

As the scene is vicw-cd from a distance, one fact is in better 
focos than all the others Excluding the field of glass where 
new composibons hav'c been developed, the white-ware field 
has been slow to develop new products TTic tradibonal bodies 
(da) flint, and fddspar) have been altered, but csscnball) the 
composibon is similar to what was m use many years ago Prob- 
abl) the pnnapal reason for is that clay is essential m the 
forming operabon Without day this operabon becomes so 
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difficult that soon all thought of new compositions disappears 
and the ceramist is bad to the same tnanal composition once 
more. 

If the ceramic mdusti} is to mppl} cerarmc matcnals for 
metaUorg} of priceless fissionable materials wind wlQ result 
from studies m nudeomes if the heat-resistant members of 
]ct engmes or rockets are to be constracted of cer a m ic mate 
nals if ceramic materials arc to be used as the specialized 
dielectrics required for radar or other t}'pes of commtmicabon 
c ir c u its or to contribute m other wavs to the deitlopmcnt of 
a i-ancti of new mdustnes those upon whose shoulders rests 
the future of the mdastr> must plan now for the proper dcitlop- 
ments which wtU penmt ceramics to keep pace with its ncigb- 
bonng mdustnes 

In a recent report on the ceramic mdusti} of Gcnnam 
Russell* discusses some mterestmg obsenabons For instance, 
alumina spark plugs are almost umitrsalh- used m German! 
In fiict, the fabneabon of heat-resistant arbdes from i-anous 
special ovidcs was generaH} farther along there than m this 
countn The methods of fabneabon are important contribut 
mg factors In this counb} the tendenej* is toward the so-called 
bmder plasticizer or lubneant technique m an effort to oi’er 
come the difficulbcs of fabneabng rtems contammg no cla}- 
thc German mdustrv however has utilized proper sizing tech 
niqucs prepressmg, or methods which do not impair the punt} 
of the products It is not that we lack the nnagmabon Gi\cn 
the opportumt! methods developed m this counb} h\ our 
scientists compare favorabl} with methods m use elsewhere 
For cvamplc, the plastac flow of certam cr}-stals at elevated tan 

Rabton Rauell, Jr, *nectnc*l xnd Ttcluncal Ceramic Icdmtrr cf G«r 
man> Office of \liUttr> Gort. for Cermanr (US) Fiat Final Rmort. V> 
6t- pp (x^5) Ccnmjc Afrrtractj Octeber 15^6 p lU 
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pcratures has been studied by Buerger® ^ith cncouragmg rc 
suits By \Trtue of this property a method of fabncabng certain 
so-callcd nonplashc inatcnals has been developed which o^■c^ 
comes many of the difficulties of the binder or lubneant tcch 
niqucs 

Instead of spending a major portion of the research effort on 
bmders it would be well to devote some time to other ap- 
proaches such as the one already mentioned,** Another ap- 
proach IS based on a study of the rheological properties of non- 
plasbc materials as a funebon of surface area m an effort to 
develop or enhance the property of plasbaty m these spccul 
materials Tins viewpoint has been discussed by the author 
previously and it rccavcd study during the war jiars m con- 
neebon ivith important projects mcludmg the DSM project 
It IS the approach to be pursued at tlic Atomic Research Insti- 
tute of Iowa State College m cooperabon with the Department 
of Ceramic Engmeenng of that insbtubon The study serirs 
a dual purpose m that it may increase ceramic ImoMledgc and 
give informabon on the bcbaviOT of nonmctalhc materials m 
gcneiaL 


CONCLUSIONS 


Instead of relying upon the old ceramic composibons of 
cla> flint, and fddspar for every need the ceramic mdustnes 
arc called by the nucleonic age to develop new composibons, 
techniques, and methods for use m the peacetime appheabon 
of all the knowledge gleaned dunng the war To keep pace wath 


• M, I Bperga- “ArbeJa of NomDetaHic CompooiHlj md Method of Pro 
dpong Same, U S Patent 2361430 Norember 7 19+4 , , 

>*E A liaioa ind A, L. JoWm. 'T’hsUdty of Clayi," lourml of tte 
Amtncaa Ceramic Sooetj- 25 {9J 113-17 (»94i) 
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the chemical, clectncal, and aeronautical mdustnes ceramics 
must taLe ad\'antage of the expcnences of the wnr years Some 
of the information indicated herem has been restricted for 
reasons of security* it is bemg released, howe^■er as rapidlj as 
IS consistent with good p>ohcy This mformation should be care 
folly studied for proper utilisation. 



CHAPTER X 


RADIOACTIVE MATERIALS 

IN SOIL FERTILIZER RESEARCH' 


BYE W PARKER* 


Science has giiren us an unusually powerful research tool It 
will be used more and more extensively and will bnng about 
changes m fertilizer production and use. 

In this nontechnical discussion n’t will try to maVc clear the 
ubhty and limitabons of radioacbvc materials m soil and fer 
bhrer research Our ideas will certainly change as we gam 
experience m this field 

The fcrblizcr mdusby is concemed with two disbnctly dif 
ferent uses of radioacbvc materials The first relates to the 
possible use of radioacbvc materials m fotflizcrs to influence 
crop growth- The second relates to the use of radioactive phos- 

i^Iitmalinthfadaptcrii»ciredfaiVoLII,No 2 of the Pbnt Food Joanal 
of the AnKnesn Pbnt Food Camtal lac aod Is by pemus**®^ , 

* F W P*Aa B Asmtaat Chief of the Bnnaa of Ptat iDdmtry Soib ^ 
AgCT^il Enjmeermg of the U S D c paiUi ieBt of A^ncnltmt, BeftjnDc, 
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phonis sulfor and other plant nutnent elements m so 3 fer 
HIitjm- research Both phases of the subject will be discussed 

INFLUENCE OF RADIOACTIVE MATERIALS ON 
PLANT GRO\\'TH 

Soon after the discovery of radioactivity and radium the 
question arose as to their effect on the growth of plants Numer 
ous experiments Vrcre conducted from 1900 to 19^0 and m 
subsequent jrais Most of the worh was earned out m Europe 
The U S Department of Agncolture and the IHmois Agncul 
tural ETpenment Stahon published bulletins on the use of 
radioacti\c materials as fertilizer m 1914 and 1915 rcspcctivel) 

The fact that some levels of radiation ViTtc harmful was soon 
established E>idcncc of a benefiaa} effect on growth was less 
conclusive. Consequent!) the ex-penments did not lead to the 
commeraal development of radioactive fertilizeTS, although 
there were unsuccessful attempts to do so 

In 1937 Su John Russell, Director of the Rothamsted Ex 
penment Station reviewed the evidence and stated his con 
elusions m part as follows 

"Some d^rec of shmulahon of vanous processes has been claimed 
from hme to time, but no clearly proved increase m plant gro wt h 
has yet been obtamed 

In 1944-47 a number of expenments were conducted b) 
v-anous agenaes m cooperation with the Canadian Radium 
and Uranium CorpKirabon A summar) of the data shows a 
preponderance of positiv e results although the differences were 
not alwa)s large enough to be considered significant The ex 

•Sod CondihonjindPItnt Cnwth, 7th Editwo, p 127 
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penmcnts were not designed to eliminate the possible effects 
of mmor elements and magnesium contamed m the radioactive 
material under test 

It became clear that the public interest would be served if 
quahfied saentists made a thorough study of the influence of 
radioactive materials on plants when apphcd to the soil It was 
evident the experiments should mclude a wide range of crops 
and soils and several rates of radioactive materials It also 
seemed essential to design the experiments so that relatively 
small differences could be measured The Atomic Energy Cora 
mission made a grant to the Bureau of Plant Industry Soils 
and Agncultural Engineenng to help support such a project 
Plans for the work were developed m cooperabon with a num 
ber of state agncultural experiment stabons 
The uniform field expenment that was adopted mcludes 
three levels or rates of radioacbvity and a comparison of radio- 
aefave materials All treatments arc repheated ten times m each 
experiment Expenmenb are in progress today They mclude 
nmeteen crops and arc located m fourteen states representabve 
of the diverse soils and growing condibons m the United States 
In addibon to the field expenmenb arrangemenb have been 
made for work m solubon cultures m the greenhouse. Other 
expenmenb will study the effect of radioacbve materials on 
seed germmabon and the early development of the seedling. 

radioactive tracer technique 

The rcactaons and properbes of radioacbve elemenb like 
radio-phosphorus differ from ordmary elemenb m only one 
respect They give off a radiahon as they dismtegrate at a rate 
that IS charactcnstac of the element Ordinary phosphorus docs 




hicOTE -1 Prodoction of ndiosctnc cakimn nxlaphoiphate- Tbc tocer 
njqnc affm *n cmanol opportrmiti fo tat the »^a^lalnlIt) to plairts of diffaent 
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not do this This radioactmty inakes it possible to detect or 
trace the radio-element vrhcre\-er it ma\ go m the sofl» through 
the plant and m the animaL fhos v^*c could fertilize a soil with 
radio-superphosphate, grow clo\'cr feed the dom to a cow 
and feed a calf on the cow s milL After being on such a diet 
for a month, the calfs bones could be anah-zed for total and 
radio-phosphorus From the data w e could calculate the amount 
of phosphorus m the calfs bones that came from the super 
phosphate. This general method is frequentlj called the tracer 
technique” and is in general use in nian\ fields of research. 

The ntiht)’ of the tracer technique depends m large measure 
upon the fadht) with w hich \'m small quantities of the radio- 
element can be accuratdj measured. The cxtrcmch small 
quantities measured ma) be illustrated bj data on the prepara 
Uon and use of radio-phosphorus m field experiments Radio- 
phosphates produced at BdtssiUe, Marvland, contained ap- 
premmately 125 pounds of phosphonc acid Of that quanbti 
only 1.4 pounds came from Oak Ridge. Less than one milhontb 
part of the phosphorus recci\‘cd from Oak Ridge was radio- 
phosphorus P** The balance was ordinary phosphorus We, 
therefore, had less than 5 milligrams of P*- m the 125 pounds 
of phosphonc aad. The 600 pounds of phosphate ha\e been 
apphed to about tw o acres of erpciuncntal plots The fertilized 
plants wall absorb less than one tenth of the apphed phosphate. 
\ct the radio-phosphoTus can be accurate^ determined m 1 
gram of the plant tissue at the end of the growing season B\ 
that time 99 9 per cent of the ongmal radio-phosphate has de 
composed Wc measure what remains 
Before considcnng the results obtained with this technique 
m soil-fcrtilizcT mvcstigabons we wall indicate the possibilih 
of mmg it with different plant nutnent elements There are 
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radioactive isotopes of all elements The characteristics of jonie 
radio-elements however are such that they arc of httle or no 
value for our purposes Table 1 gives the important dianctcr 
ishcs and radicates the utility of the radio-elements of greatest 
mtcrest m soil-fertilizer research- From this we sec the follow 
rag elements can be used m much the same manner as we arc 
using radio-phosphorus, namely, sulfur, calaum manganfsr, 
zme, iron and chlorme. 


Table 1 


Riidioactiv’e Isotopes of Some Plant Food Ekmenb 


Elanent 

Isotope 

Half 

Life 

Utibty 

Fhosphonu 

P 32 

14-3 

days 

One season 

Potass um 

K 42 


boms 

One ftcdc 

Nitrogen 

N 13 

9-9 

mm- 

One bour 

Calaum 

Ca ^5 

180 

days 

Yean 

Magnenom 

Mg 17 

)oa 

min. 

Houa 

Sulfur 

S 35 

871 

days 

Yon 

Sodium 

Na 12 


yean 

Yean 


Na 24 

14.8 

boon 

Week 

Chlonoe 

Cl 36 

1 000000 

yean 

MiDcnnnims 

Manganese 

Mn 54 

310 

days 

Dccada 

Iron 

Fe 59 

■ffo 

days 

Year 


Fa 5. 

4 

ytan 

Dccada 

Zinc 

Zn 63 

150 

days 

Years 

Boron 

B 12 

0.022 

sec. 

Seconds 

Carbon 

C 14 

5 100 

years 

Mflknnrams 


It may be noted that with radio-calcium and sulfur as weD 
as phosphorus, we ba\r the necessary tools to evaluate folly the 
utflizabon of superphosphate by oops We arc inclined to for 
get that normal superphosphate contains about 25 per cent 
calaum oxide (CaO) and 30 per cent sulfur tnoxide (SOa) 
as well as 20 per cent phosphonc aad (PaOa) Both calaum 
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and sulfur are just as essential for plant growth as phosphorus 
Yet today \ve know rclati\’el) httle about the extent to which 
calciuni and sulfur in superphosphate are utilized b) crops The 
tracer technique can provide the answ er 

Radio-calaum will be vot) useful m liming experiments Its 
long life makes it possible to use it m expenments of fiv'c years 
duration Such work has been started at Cornell and some of 
the results wQl be discussed m a later section of this chapter 
Unfortunately the hfc of radio-potassium magnesium, and 
boron is so short that tho are of Innited value, Radio-dilonne 
might be used m studies on its mfiuence on tobacco potatoes 
and other crops where it u knowm to affect crop quaUty 

RESULTS OF EXPERIMENTS 

rhe results obtamed m this field of reseiich whl be illus- 
trated for the most part from erpenments with radio-phos- 
phoras The rapid progress m radio-phosphorus mvestigations 
has been possible because of the fine cooperabon of capable 
saenbsts in scv^eral research agenacs. The fertilizer industr} 
has made important confcribubons toward this work through 
the Phosphate Research Committee. 

Use of Fertilcrcr by Different Crops The 1947 field expen 
ments m North Carolina and blame revealed nnexpccted dif 
fercDces in the ubhzabon of fertihzei phosphorus b) different 
crops T)-pical data arc shown m Figure 5 In thu case, com, 
cotton and tobacco were pown on the same soil The fertilizer 
contained 80 pounds of phosphonc acid and was placed in 
bands At the ^ samphng date, 65 per cent of the phosphorus 
m com and tobacco was from the fcrblizer as compared to 45 
per cent m cotton. At raahint) the third sampling, onlv 15 
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per cent of the pliosphonis in com was from the fertilizer as 
compared to 35 and 45 per cent for cotton and tobacco, re- 
spccti>’ely 



The significance of these differences is not clear It may be 
that some other pbeement of the fertilizer would unpime the 
utflizahon of phosphate by com On the other hand, the data 
may indicate that com can utilize soil phosphorus better than 
the other crops 

In followmg up the observed differences between crops, ex 
penments have been designed to give many such comparisons 
on different soils The experiments conducted ra Colorado, 
lou-a New Yorl^, North Carolina and Georgia include twelve 
different crops as compared to four m 1947 
Sod Feridity Influences Crop s Use of Fertilizer The m 
flucncc of the fcrtflity of the soil on the utilizabon of fertih^r 
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phosphorus by cotton is shown in Figure 6 The CTop was 
grown on three soils that contained 71 140 and 216 pounds 
of rcadils aiadable phosphorus Differences m the utdizahon 
of the fertilizer phosphorus were cradent at each date of sam 
plmg At the final samphng the cotton grown on the least 
fertile soil denied 30 per cent of its phosphorus from the fer 


COTTON 



tilizcr On the most fertile soil, onli 7 per cent of the phos 
plionis in the aop came from the fertilizer 
Tlic indicated differences arc obnoush important and hare 
a direct beanng on fertilizer practices It is far too carls to 
speculate what effect new data of this cliaracter ma) hare on 
fertilizer practice We must first Chech our findings and obtain 
similar data for a laneti of crops on different soilj Future 
espenments will afford such comparisons for about ten aops 
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The sofl conditions will vary widely and will include soflj rep- 
resentative of the eastern nudwestem and \\’cstem states 

The pnnaplc illustrated in Figure 6, namely that the phos- 
phorus fertihty of the sofl mflucnces the utilizabcra of fer 
tihzcr phosphate, is bang utilized in a short biological test for 
available sofl phosphorus It is essentially a modification of 
the wcD known Neubaucr test Early results mdicate it will 
improve the utflity of the test and at the same time simplify it 
materially 

Availability of Phosphorus m Green Mamsres A good green 
manure aop may contam 30 or 50 pounds of phosphonc and 
m roots and tops How good a source of phosphorus is this for 
a succccdmg aop? Is it as good as an equal amount of phos- 
phorus applied as fertilizer? Until wc had radio-phosphonis, 
that could not be determined- Such determinations have been 
made in prelimmary greenhouse cipenroents at Bdtsville, 
Maryland. 

WTieat fertilized with radio-phosphorus was grown as a green 
manure crop TIic wheat was analyzed and mixed with soil at 
a rate to giw 65 pounds of phosphonc aad j)a acre. In si mil ar 
cultures an equal amount of phosphonc aad was apphed as 
radio-superphosphate. AD cultures were thoi planted to rye 
grass Two successive cuttings of rye grass have been han'ested 
and analyTcd. The reemtiy of applied phosphate dcfflonstratcd 
that the green manure phosphate ^vas nearly as effiaent as 
superphosphate on each of the three soils used m the cipen 
ment This was a higher effiaency than \vas expected 

Such results naturally lead us to consider several practical 
applications of such data Wc must, howeva take such ex 
penments to the field and grow row aops after the green 
manure, TTic important point to rememba today is that wc 
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now ha\c the toob to conduct such an expenmenL As pre 
\iously indicated, n ork need not be limited to phosphorus 
Ihrte of FertiIi;wtion The mflncnce of the rate of phos 
phatc fcrtilizabon on the uptake of fertilizer phosphorus hy 
the plant was shouu in 1947 field expenments Twu rates of 
fertilization were used for com cotton tobacco and potatoes 



The results of these crpmraents are shown m Figure 7 In 
creasing the rate of phosphate fertilization substantially in 
creased the proportion of fertilizer phosphorus m the cotton 
tobacco and potatoes at each of the three samphng dates 
There ivas onl} a small mcreasc m the case of com The reason 
for this IS not knowu The experiment must be repeated 
The season s field expenments mclude rate of fcrtilizabon 
studies on six crops The comparison will be made on seicral 
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ma) Ns-ell demomtiatc that the} differ m a tenah) If that should 
pTcn-c to be true, it could have quite an influence on fertilizers 
and fertilizer practice. It might complicate the formulabon of 
fertilizcn as wcH as increase their efBaenej for the farmer 
Forms or sources of phosphorus may be more important than 
sources of mtrogen These statements arc admittcdl) specula 
ti\*c. We u-ill know a httle more about this after the oops are 
m and anal\-zcd. Se\*cral )'cais horsc\cr maj be required to 
de^•clop the data needed to guide fertilizer practice. 

Alccuurcment of Surface Phosphate The rcadil} available 
phosphorus m soils is held on the surface of the soil particles 
chiefly on the da) fraction There arc three things we would 
like to Inow about this First how much phosphorus m a soil 
is held on the surface? Second, how bghtlv is it held? Third 
how much phosphate could it hold? We ha\‘e been able to 
answer the last question Radio-phosphorus has made it pos- 
sible to answer the first and second questions 

Using rcccntli dcv'elopcd methods the surface phosphate 
has been detennmed on several soils The quantity varied from 
10 pounds P 0 « per acre ID a Davidson clay loam to 180 pounds 
per acre in a high!) fertile Caribou sdt loam used for potato 
production m Aroostook Counts Maine The significance of 
this recent work is that the method is not cmpincal It has 
been devised to measure the fraction of soil phosphorus readilv 
available to plants The method is bclicv cd to be apphcablc to 
both aad and calcareous soils 

Cxpcnmcnis with Radio-Calcium Worken at Cornell 
liavc utilized precipitated nidio<alcmm carbonate m green 
house experiments m much the same manner as radio-super 
phosphate has been used. A sill loam having a reaction of pH 
4 6 was limed at rates of 2,000 4 000 and 8,000 pounds per octc. 
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Three cuttings of alfalfa ha\'e been made and analj-zed for total 
andradio-caloiun In the first cutting the proportion of calcnim 
denv'ed from the added carbonate mcreased from 48 per cent 
uherc 2 000 pounds were added to 80 per cent where 8^ 
pounds were added The corresponding figures m the third cut 
bug w'erc 46 and 72 per cent The need for Inne and its ntiliza' 
bon IS dearl} evident when the crop denves 70 per cent of its 
calaum from the added carbonate. 

The long life of radiO'Caloum mcrcascs the hazards asso- 
ciated with field experiments mx’olving its use. Our first fidd 
experiment with radio-calcium is therefore, bong planned to 
study this problem Saenbsts of the Atomic Energy Commis- 
sion will cooperate m ev'aluabng health hazards and dc\ elop- 
ing procedures to minimize such hazards 

Progress achies'cd m trainmg men and dcv’clopmg methods 
and techniques for usmg raduvelements m soil fertilizer m\tS' 
bgabons has been greater and m some respects more nnportant 
than the actual results of the prchminary experiments We 
ha\‘c co\*cred enough of the subject to show the utihty and nn 
portance of this new tool m soD-ferbTizcr research. It will ccr 
tainly be extcnsi\r]) used and b3\e considerable effect on fer 
hlizcr pracbccs 



CHAPTER XI 


THE USES OF TRACERS 
IN BIOLOGY^ 


BY G C BUTLERS 


The use of isotopes not commonly found m nature in high 
concenttabons as tracers m biological research is based on the 
assumpbon that although these isotopes ha\'c dificicnt phj'Sical 
properbes by which they can be detected and measured readily 
m small amounts thej nocrthcless bcha^c chemicaHj and 
biological!) m a manner identical with their corresponding 
nonnal" isotopes ^This is a point which is not completel) 
settled b\ an) means but most biologists accept the premise 
with only slight resen-abons Howeicr a few* years ago it 
caused a great deal of contro\- eny indeed cspeoall) when the 
use of this new tool m biological research began to vicld results 

NUteml tued m tha donate aro c ai cd m the Proceedtnp of the Conference 
on Nuclear Chemuti) Mc^uste Unnenitj Hamilton, Ontanj Canada, 1947 
tnd a tsed In pmnmKQ 

* Dt G C Butler a mith the BioTo^cal and Medical Research Branch, Dm 
non of Atomic EnaCT National Resordi ConDcd, ChaR. Rncr Ontario and 
B iljo Aooratc Protessot of Bodiaiuttx) Unneart) of Toronto 
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which were m conflict ^^ith some of the older thconcs Mach 
CMdcncc brought to bear on the problem and it soon be 
came dear that as long as one admmistered onJ) small tracer 
amounts of "hca\'}” or radioactn'c isotopes they ^^ould bchaic 
m the bod} similail} to other isotopes of the same dement 

This statement has, howcx'cr tw'o important qualifications. 
It holds only for conditions m the bod) vsherc cquflibrnim has 
been reached, m the case of deutenmn Bonhocfferwasablcto 
shem that it reacted at a rate differing from that of h}*drogcn 
In a factor of six. So sphere there is a large mass rabo between 
isotopes thc} ina} lead one into error if used m studymg the 
kmebes of a rcacboiL One other quahficabon is that nhfle thc 
amount of the hca\7 or radioacbi’c isotope that is administered 
m an eipe nm ent ma} be small, it maj be prcsoit m a Icnr con- 
centrabon m the natoial isotope and m order to mtrodnee 
enough to trace, one most administer a large amount of the clc 
ment If the total amount of thc clement administered is much 
greater than that usuaD} cncoimtcrcd m thc normal funebon- 
mg of thc bod} the tracer will be distributed m an nnnahnal 
manner Therefore, it is well to work with samples of bacas 
with the greatest ennehment or specific acb\i^ possible. 

One other prccaubon is adiisable m thc case of radioactive 
isotopes '-^c should calculate thc tissue dosage of ladiabon 
produced by thc amount administered m order to keep thc 
radiabon lc\ cl below the amount known to prodnee alterabons 
m ccH metabolism. 

Both stable and radioacbiT isotopes haic a wide range of 
uses for studvmg metabolism m Ining organisms and for diag- 
nosbc studies on humans Olnioush howc\Tr onl} ladioacbvc 
isotopes can be used for thciap}- here the object is to bnng 
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about dqxKition of ladioactix-e mafcnal in the organ or tissue 
to be treated and so irradiate it selecfaNTlj 
There are three general techniques in use for studpng metab- 
ohsm by means of isotopes In order to trace the distribution 
of ‘hca^7” or bcta-cmitting isotopes, it is neccssar) to remo\'e 
tissues from the or^nrnn process them chemicallj and can) 
out the measurements on the chemical fractions 'Some isotopes 
emit gamma rays and the distribnhon of these m the bod) can 
be measured m a semi-qoanhtatixe ua) b) applymg a Gager 
counter to some external surfaccMnothcr method u hich )iclds 
ver) strikmg semi-qaantitati\'e results is the radioautograph 
techniqur here the tissue or a sechon of it is placed m contact 
with a photographic him and the radioactmt) present m any 
gr-’cn area causes an exposure of the film m contact rsith this 
area The tissue can then be stained and compared snth the 
dcsTloped film to demonstate the presence of the tracer m 
>’anous regions of tissue. 

The amoxmt of tracer one needs to use depends on a number 
of biological factors and on rvhich of the three methods of 
detection one wishe to use. 

The isotopes which are of greatest use m biological and 
medical work are gi\-cn m the table on page 148 
Isotopes of C, H and N ha\c found then greatest use m 
studymg the fate of orgamc molecules ue m the studs of 
mtermedsar) metabolism The last sei-en m the table arc of 
use m tracmg morgamc molecules whereas isotopes of S and P 
and to a lessa extent those of _0 and I arc used for studiTng 
the metabolism of both orgamc and morgamc molecules 
When one sets about bbclmg organic molccnlo for tracer 
cipenmente the labeling must be done irUhcriight-cHbam 
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formaboD one \vuhcs to obtain In the case of deutentnn 
winch has been widely used for baemg organic molecules there 
arc some posibons in these compounds which it is useless to 
label witli deutenum because it i$ so labile. These posibons arc 
anywhere the b)*drogcn is attached to an oxygen atom such as 
hydroxyl or carboxyl where the hydrogen is adfacent to a car 
bonyl group or where it is attached to nibogcn as in an ammo 
or immo group In the ease of nitrogen it is useful to label the 
ammo group of ammo acids if one wishes to study thar con 
tnbubon to the nibogcn metabolism of the body but if one 
IS interested in the fate of the carbon chpin one must always 
be on the looluDut for transaramabon which occurs in many 
tissues and transfers the ammo group from one carbon cham 
to another In most eases an oxygen isotope cannot be used 
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to study mtcrracdiary metabolism because of the high reac 
tint) of most OT)gcn-contaming groups m organic molecules 
A very useful procedure is to use isotopes of tu o different ele 
ments to trace the same molecule; this procedure has proved 
to be I’d) profitable. 

Hanng planned one s ciqienments vath these limitations m 
mind there are tuo possible modes of procedure, the choice 
betucen nhich ma) be influenced by the information desired. 

A. The molecule m which one is interested ma\ be syn 
thcsizcd m the bboratotv or biologicaHv with the isotope in 
a stable position and it is then admmisteicd to the hvang or 
ganism and its metabolic fate is traced by estimating the iso- 
topic content of the exaeta and tissues and perhaps m specific 
compounds m these, 

B The tracer isotope m some simple morgamc form (D as 
DiO as COji« C*" as NaHC'^O, as N»=H4+ 
etc. ) is administered to the organism and its appearance m the 
bod) constituents is measured This method has led to many 
mtcrcsting findings and from it labeled compounds may be iso- 
lated for future experiments of t\-pc A 

If one carries out one s research accordmg to mctliod A, a 
considerable amount of si-nthcUc chemistrv may be in\*ol\’cd 
One can a\oid this by using a biological method of synthesis 
but altliough easy to carry out, tlusjncthod is wasteful and 
should not be used unless the isotope is plentiful and cheap 
Tlic biological method of synthesis lias one other senous dis- 
ad\antagc,andthisistliatiti5s-cri often difficult to Imow what 
IS the position of the isotope in the synthesized molecule. I Icni 
cicr the biological method has one adiantagc in that s-aluablc 
biological lufomiabon mas be obtained during the experiment 

A numba of synthetic methods for mtroduang isotopes into 
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organic molecolcs have been de\'eIoped, but these are too no- 
mcrous to mention here. These problems become more numci 
ous and diEcult m the case of carbon tracen which arc coming 
mto a penod of great usefulness m the study of mtcnnedaiy 
metabolism 

Before proccedmg to a discussion of the use of tneen m 
stnctly biological experiments their use m biochemical anal- 
5'sis may be menfaoned 

CP® Has been used for studies of orcolation m humans^ 
and for cstimatmg the pcrmcabihty of cells to anions 

Has been used to some extent m detcnnmmg 
sorpbon and excretion of calcium Nearly aD the Ca*® was de- 
posited m bone and this dcposibon began ver) soon after 
admimstrabon The rate of disappearance of the Ca^® from 
bone gi\*es a good measure of the rate of metabohsm of bone 
salt Other problems where it siijuld be useful are (1) mecha- 
nism of acbon of the parath)TOid gland, (2) mechanism 
acbon of Mtamm D and (3) nature of the non-ionizable cal- 
cnim of blood serum 

Fe®® ^\niipplc and others hasT used this isotope to obtam 
mtcrcsbng and important informabon about ho^oglobm for 
mabon and anemia Thc\ found that after fec^g morgana 
iron, the iron appeared m the red blood cells uithm a fesi hemis- 
Thq shoiisrd that anemic dogs absorbed fifty bmes as much 
morganic iron fr o m the gut as did normal dogs Thty ah® 
shernTd that a low blood hemoglobin is not sufficient to bnng 
about this increased absorpbon but that the bssne resmes of 
iron must be depleted. In this conneebon they found that 
muscle s\*as the most important site of iron storage. The sink 
mg finding of this work, is that iron is excreted to a \rr) smaB 
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extent and that the amount of iron in the bodv is controlled 
not by excretion but b) absorpbon 

great deal of work n-as done dunng the s\-ar on blood trans- 
fmion and Fe“® ss-as of great assistance. Its\as used to measure 
the life of red blood f^lh m the bod} and to studs the fate of 
red blood cchs m stored blood which was snbscquentl} used 
for transfusioTL 

B} the use of this isotope, it has been shown that 
thyroids of aTumals and of man can stlectn'elv concentrate 
lodme by a factor of 5,000 tones ostr other tissues such a high 
spccifiaty as t|us is nmque m biological processes P** emits 
a gamma ray and this has made it eas} to stud\ its rate of 
absorption and deposition in the body Sodmm iodide con 
tammg si-as fed to humans and the subject held m his 
hand a Geiger counter which was placed inside a lead box. The 
lodme was found to be absorbed rapidl) and ib rate of absorp- 
tion was plotted In animals radio-iodine could be detected m 
the thyroid gland a few minutes after the ingestion of sodium 
iodide, Radioacti\’e lodme is proiing to be of considerable 
chmcal use cspcaaHy in dagnosmg thvroid disorders the 
patient is fed ladioactav-c sodium iodide, a Geiger counter is 
placed on his neck, and the rate of deposition of lodme m the 
th}TOid after oral admmistrabon is detenmned. It has been 
found that each of a number of different th}Toid disorders pro- 
duces a charactensbc absorphon curve. In conneefaon with 
th}Toid metabolism it has been found that the gland readilv 
takes up the lodmc of sodium iodide or dnodohTosmc, but not 
of th}TOTine. 

These isotopes are among the most important 
for use m biological experiments Usmg them it has been pos- 
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sible to show that plants can incorporate the sxilfur of inorganic 
sulfate into organic compounds but that animals cannot Sup- 
pose that one wished to determine the amount of an ammo 
acid sa) glj-cmc, m a mouse s body If one administered 10 
milligrams of glycmc witli nitrogen contammg 1 000% to 
the mouse, Wiled it imracdiatcl) and isolated from the carcass 
a sample of pure glycmewnth nitrogen contammg 0 684% N‘®, 
then the calculation is \*cr) smiplc. The natural content of 
m nitrogen is o 368 per cent, so the administered glj’Cine bad 
o 632 atom per cent excess and the isolated glj'cmc had o 316 
atom per cent excess therefore, the 10 mOligranpadramistcrcd 
must ha\e been diluted by an equal amount from the mouses 
body which therefore contained 10 milligrams glycine. 

In adult animals in energy cquilibnum the total amount 
the distribuhon and the chemical constitution of the body 
constituents are kept constant within narrow limib The con 
sbtuents of normal diets (protems fats carbohydrates, inoi 
game ions etc.) arc m principle the same as those which com 
pnse the tissues and the experimenter can no longer idcnhf) 
them once they pass the mtesbnal wall and enter the blood and 
organs As a result, very few of the earher expenmeub were 
earned out with normal adult animals on normal diets, and the 
old kno^vlcdgc of metabolism was based mamly on expenmenb 
conducted under such abnormal condibons that they permitted 
the accumulabon of mtcrmcdiatcs or end products, the use of 
unnatural compounds or of dieb unduly ennehed or poor m 
test substances experiments on poisoned or sick orgamsms or 
on isolated organs tissues orcxtracb Such methods arc usiullj 
by necessity indirect and often lead to erroneous concluslO^^ 

He\cS) was the first person to see the ^aluc of isotopes as 
biological tracers and as early as 1923 he used RaD as a tracer 
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to stud) the metabolism of lead m plants And when hca\'\ 
u-ater first became a\-ailable, he performed one of the most 
fundamental experiments on w-atcr metabolism m whidi he 
shoTi-cd that the a\eragc time a s^-ater molecule spends m the 
human body is 14 days 

Smcc this call) work of Ucvay s thousands of experiments 
ha\-e been earned out with isotopes for hundreds of different 
purposes Smcc it will be impossible to mention an v appreciable 
number of these, onl\ some of the most mterestmg examples 
wlQ be discussed, and the discussion can be Imuted to isotopes 
ofC H N S P Na Cl,K,Ca,Fe,I 

and K* Brooks condnded from experiments on 
plant cells that N\hcn Na and k ions penetrated cells their 
concentration in N-anous parto of the protoplasm nas concerned 
sMth a temporal) assoaatioo with radicals of the protoplasmic 
protein molecules e.g^ 

k+Cl- + Pr- — Pr- K-^ + H+Q- 
k+a- + Pr OH- Pr-^ a- K+OH- 

Thesc experiments arc cspcaall) mterestmg because of the 
difBculbcs i^hich had presiouslv beset such rniTStigations and 
because the) illustrate the snnphaty of the tracer method. 
The\ show that the question of pcrmcabDit) becomes a matter 
of d)-namic equflibnum mi-oUing undcntandable metabohe 
processes and there is no longer a necessity for postulating m\-s- 
tenous properbes for cell membranes 

- Another important use for is the csbmafaon of the 
amount of extra ccHular fimd m tissues 

hotopcs of sulfur ha\e been used to label mcthionme and 
demonstrate its coniersicra mto ci-sbnc; this result nns not 
ren striking smcc it had been postulated before from other 
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evidence obtamed without the use of isotopes But du Vigu 
eaud has rccentlv earned out some eitpenments with S’* wiiidi 
eluadatc the mecliamsm of this conversion Du Vigneaud S)^- 
tbesized methionme with S’* and with C” in the beta and 
gamma posihons CH3-S’*-C”H3-Ci>H!NHj-CH- 
COOH This was fed to rats and cystme was isolated from then 
hair the cystme contamed S’* but no C” showmg that only 
the sulfur was transferred He then synthesized cystathionine 
from homocystme and senne m which the N of the ammo 
group of senne was labeled with N” 

CHi - 

1 

CHs 

ciNH, 

cioH 

■\Vfien this wa5 cleaved by an enzyme present in liver, he iso- 
lated from the digest cystme with N*® m the ammo group 
Work such as this provides an cample of the >”07 great wluc 
of using more than one tracer simultaneously m the same 
problem 

S®® was used durmg the war to label the sulfur of mustard 
^ m an effort to cluadate the mechanism of action of this 
vesicant However in spite of the great deal of work done with 
this isotope, the problem remained unsolved 

One of the greatest contributions ever made to biochemistry 
and phj-siology was made possible by use of isotopes of H N 
C, and P to study mtcrmcdiarv metabolism This work was 
begun by Schoenharaer with a study of dcutcnum-labclcd 
fats and protons and later he used N * ® as a tracer As 0 result 


CH, 

C^N' 

cdfot 


“H, 



The Uses of Tracers m Biology 155 

of his pioneer work, a completd) new concept of metabolism 
has ansen Startmg at about 1850 a number of theones urre 
dc\-e]oped to mplam the relabonship bet\s-ccn the foodstufe of 
the diet and the chemicals makmg up the bod) These were 
gcncrall) bche%-ed to beha\*e mdcpendcntly eiccpt r\hen small 
amounts of food constituents s^-ere used to replace wear” and 
“tear” of tissues Bnt Schoenheuncr showed that there was a 
\-ast range of mteraction bctvv-cen foodstuffs and body con 
sbtuents and he dc\*cloped a new concept of metabolism it has 
been stated as foDcms 

“As a result of Schoenheuncr $ nncstigabons thoc has e merg e d 
a concept of metabobc regcncrahon whcicm the central idea is the 
ccmtmctal release and uptake of chemical substances b) tissues to 
and from a crrculatmg mebbohe pool Coinadent these cydic 
processes, there occur among the components of the pool mulb- 
tndmous chemical reactions of uhtch rdatndj few are concerned 
uith the elimmabon of waste products.” 

Some of the findings which ha\’c helped to elaborate this 
concept arc gl^cn 

After feeding hca\’) water to animals deutenom rapidl\ 
appeared in nearly all tissue constituents Therefore water 
could no longer be regarded snnply as a sohmt for chemical 
reactions m the bod) but ib h)drogcn and ccc\-gen entered mto 
chemical reactions in the metabobc pooh The cxcephons to 
this finding were the ammo aad lysme and the fath aads 
Imolac and hnolcnic aads. These were found to he quite 
mert and therefore were not s>-nthcsi2cd bv the body but were 
essential constitucnb of the dicL 

Fat Metabolism. B) studying the rate of appearance of the 
dculcnom of hca\T water m fatty aads of the depot fab it 
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was shown that half of the fatty aads arc regenerated m fi\T 
to nine days, a very rapid turnover This means that the depot 
fab axe continually being broVen down and resynthesized and 
thar componenb arc active m the metabohe pool Also there 
IS a contmual interchange and mtcrconversion between sat 
urated and unsaturated fatty aads 

Studies with showed that phosphohpids even in bram 
and spinal cord are contmuaBy bang rcpbccd. 

Cholesterol was thought to be a very stable chemical m the 
body but even this was half re^ncrated in 15 to 25 days, and 
from the deutenum content it could be shown that cholesterol 
was formed from smaller unib of about three carbon atoms m 
the metabolic pool 

Frofem AietaboUsm If ammo aads containmg N** arc 
fed, only one-half of the N*® is acreted and the rest is found 
m the body proteins Three days after feeding Icuane con 
tammg ® only 30 per cent of the tracer was left m the leucine 
of the body proteins, 20 per cent was m other ammo acids, 
and 50 per cent had been excreted. The same result ^vas ob- 
tained with tvrosme contaming This ammo shift was 
found to be of general occurrence and fairly rapid Tracer 
studies showed that it probably took place through alpha koto 
glutanc aad and this is one bndge between protem and 
carbohydrate metabolism If these reactions go on as these 
expenmenb indicate, it means that tissue proteins arc con 
tinually being broken down and resynthesized and arc not 
the static cntibcs they were previously thought to be. 

Phosphorus Metallism As a result of work with P’* d 
^vas shown that even such ngid structures as bones and teeth 
are in a state of dynamic cquflibnum Hcvesy showed that m 
young cab there was an apprcaablc uptake of phosphate b) 
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the teeth m a few hours and it was fnithcr determined that m 
250 daj’S 1 per cent of the phosphorus of teeth exchanges 
with phosphorus of the metabohe pooL The tumo\'cr of 
phosphate by bone v.*as shown to be more rapid than tins 
Cmbohydrate MetaboUsnu One of the carhest findmgs 
here, made h^ Schoenhamcr was that if animals werp fed 
heaiy water the deutenran content of the gheogen formed 
was much greater than could be accounted for by the simple 
condensation of hexoses which was prevaousl) assumed. This 
means that the reser\*e stores of glixogcn m the bod\ must be 
formed from smaller units and worh with C* ^ has shown that 
lactic acid is one of the materials from which glj'cogcn is 
sjnthcsixcd. 

Excretion Products It has been found that CO2 is not 
simph an exaction product but that it u an actne constituent 
of the metabolic pool and it can be assimilated rapidlN bj 
mammals For instance, soon afta the administration of COj 
as NaHC^^Oi the C“ appeared m hm glj-cogcn Further 
experiments arc now demonstrating that the carbon of ad 
ministered CO3 appean in a sci) large number of bod> con 
stitucnts and that CO3 parbapates in nearh all reactions of 
the metabohe pool 

\\'hcn creatmme or urea the unnars exaction products of 
protem metabolism wac labeled with deutenum or and 
fed to annuals the traca did not enter othabodj consbtuents 
which means that these arc true cxcrcbon producb and when 
once formed no longa talc part m biochemical reacbons 

Now cspcctalls with carbon isotopa ai-aOable a large nuin 
ba of tiaca studies are being directed to filhng m the detafls 
of this picture which I ha%-c sVctched As jou can readils ap- 
prccutc, thac is an almcBt mfinitc nomba of mtaconi-crsions 
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takmg place in the metabolic pool, and it is these nacboni 
which are receiving the most attention 

In conclusion it should be pomted out that rt has been the 
purpose of this chapter to demonstrate by a fe\v selected a 
amples what a poivcrful and versatile method isotopes haw 
placed m the hands of the biological researcher Many ciampks 
have also indicated how this method has not brought about as 
great a revolubon as one is somebmes led to beheve; it is 
better regarded as just another tool at the command of the 
present-day biologist to be used when it will avoid labor and 
ambiguity m solving a problem that is under mvcsbgabon in 
the normal course of biological research 



CHAPTER XII 


THE MEDICAL USES 

OF ATOMIC ENERGY^ 


BY C P RHOADS* 


What can Vi'C accomplish toda} m the apphcahcm of tadio- 
acb\‘e isotopes m the treatment of disease? M\ feeling is that, 
at this moment, isotopes of only ba*o elements ha\*e been 
pnn-ed to be therapcatically useful radioactive isotopes of 
lodme and phcsphonis. 

Cunousl) enough, each one of these tu*o elements has been 
shown to be useful m the treatment of one noncanccrous med 
ical disorder and one form of cancer That is radioactiv'e lodme 
has been provxd to be cSectxvc m the treatment of a disordci 
of the thyroid ^nd associated with o\*crfunctuming of that 
^and and poisonmg of the bod) Radioactive lodme is capable 

Tha da ptg a based on mstecol sppaxnjc m fioBctm the Atomc 
Saentats, VoL 2 Nos-ytmiS Octoba i 1^6 and a toed bjr penrumoo, 
C.P Rltcads,KU>^i»I>[rectorof ll«Sc(mi.ettetInJlmtIt^I^eforCI□cer 
ReseaIdl, m New YoA. «nd ilso D u e chn of the Menonal Itapitil fes the 
Treatment of Cancer ind AIbcd Dooia. He b of the on 

Growth cf The Natiooal Re searA . Cormcil. 
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of restraining tins overactivity, bringing functions to normal, 
and so relieving the pabent of symptoms The applicabon of 
iodine m the treatment of cancer of the thyroid ^and I 
discuss In the case of phosphorus there is a very real use m 
treabng a noncanccrous disorder of the blood forming tissues, 
a disorder marked also by overfunebomng, which can be re 
strained by tiie use of radioacbvc phosphorus Thae is also a 
set of cancerous disorders of blood formabon known as leu 
kcmia, which agam can be restrained in certain specific 
instances 

The work with lodme began in a rather quiet way m the laic 
1930 s and one of the carhest studies was that of Hertz and Ins 
associates m Boston who prepared iodine by the exposure of 
ctbyhodidc to radium mixed with bcrvlhum The acbvatcd 
lodme was injected into rabbits Then the vanous organs of 
the reapicnt animal were removed minced spread in a mush 
on a plate, and exposed to standard dctccbon tcclmiqucs In 
this way it was possible to show that, as had been expected 
the thyroid gland picked up when normal, about 80 times 
as much iodine as was picked up by any other normal tissue. 
Tim result is sbll valid T urthcrmorc, the fact was shown that, 
if the thyroid gland was stimulated by such factors as preg 
nancy or else by the admmistrabon of materials which lead 
to ovcracbvity of this gland, the pickup of iodine might reach 
a Icvd several hundred tunes that found m normal bssuc. 

The thyroid gland is located in the neck and has tlic \'cty 
important funebon of selecting iodine from tlic blood sbeam 
and of convertmg the iodine to a compound known as thyroxin 
which is acbvc m maintainmg a spcaBcd rate— the rate of ox 
idabon of live tissues— of oxidabon of the tissues When an 
excess of thyroxin is formed, the metabohe rate mcrcascs to a 
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point where severe symptoms of poisonmg and death may 
result This disease can be controlled m many mstanccs by the 
lemov’al of the source of the poison the thyroid gtand or a 
large part of the gland This m\oI\-cs a procedure uhich is at 
best troublesome and unpleasant at u'orst hazardous— possibl) 
to a great degree. Hence, any procedure which allou’s the con 
tiol of ove^th)^Old function without surgical operation is a 
matter of great importance to mcdicme. 

The cipcnmcnts of Hertz showed not onh that the active 
th)Toid gland picked up more iodine than the normal thjTOid 
gland, but also that the curve of pickup was quite different 
Furthermore, certam different tjpes of overacti\it\ could be 
elucidated specifically by exammmg the rate of uptake of iodine 
m these beautiful experiments Once these points bad been 
clear the next logical step was to use radioacbix lodme, pre 
pared by the cyclotron method and then becoming available, 
to study the uptake of iodine by the thvroid gland of human 
bemgs 

A good deal of very complex woik was mvoh'ed. Precise 
indexes had to be established by which the pickup per unit of 
tissue could be settled This was done and then studies wttc 
made on man The carhest set of reports or one of the earliest, 
was by Hamilton and Solcy of the Umv'ersity of Cahfomia 
a report by Hertz appeared about the same time, 

Hamilton reported on 22 patients m 1939, 22 patients with 
overactivity of the thyroid gland treated by radioactive lodmc 
and studied for the extent of the pickup of tins actw'e element 
by the thyroid tissue. He made a \-cry important obscn-atioa 
later confirmed by Hertz, that the iodine actually goes to form 
the tone material which is made by this gland. In other words 
the lodme takes part in the natural metabolic processes of this 
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important organ, this fact is a notable contribufaon to onr 
knowledge. 

Furthermore, Hamilton reported on two pafaents who had 
cancer of the thyroid gland The evidence suggested that the 
cancer shared the abihty of the tissues from which it sprang 
to pick up 10dm c. The findrags, of course, led to the possihdhbcs 
that one had (a) a method for controlling ovcractivity of the 
gland and (b) a method of controllmg, perhaps cancer of 
the gland. 

Two papers appeared from the Boston mvcsbgatois, one by 
Hertz and Roberts and the other by Chapman and Evans who 
picked up the work when Hertz left for the war These papers 
deal with the results of the stud) of some 50 patients with 
thyroid o\*cractivity Detailed studies were made, the preose 
retention of iodine by the gland was established, and the pre 
CISC degree of control of gland activity was made clear and 
factual It IS possible to say that today on the basis of wcD- 
cstablished data, this disorder may be controlled m about 80 
per cent of the patients by giving radioactw’c iodine. This c a 
very important advance. 

One precaution was not observed, as far as I am aware. I am 
not certam that suffiaent erpenments have been done to e^ 
tabhsh the limits of safety of tte use of radioactw’c iodine m the 
treatment of thyroid disorders One must always recall that, m 
dcalmg with materials of this type, suffiaent energy may be 
liberated o\‘er a suffiacntly long penod to make cancer occur 
It IS a very cunous anomaly that ^e agenb with which we deal 
m treating cancer arc also under c e r ta m arcnmstances able to 
cause cancer I am very hopeful that studies will be made now 
on an extensive scale to establish the amount of radiation 
delivered by lodme to the thyroid gland which can be tolerated 
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without the induction of changes which may become cancer 
in that organ. 

In short, one can control hjpcrthjToidism b) the use of 
radioactive iodine. There is a httlc debate about what dose is 
desirable and a httle debate upon the durabon of control, but 
I thinh for the purpose of a general statement one can assume 
that the case is proved and conbol is possible. 

The use of radioacbvc iodine m the treatment of th)TOid 
cancer is a much more difficult matter and I thini I am justified 
m discussmg what we know about the nature of cancer Recall 
that cancer is the growth from a normal cell of a distinctl) 
abnormal one which shares m appearance, structure, and func 
bom certam of the charactensbes of the cells from which it 
sprang but which diffen somewhat from the parent stmeture. 
These differences can be established m a vanet) of w-aM and 
they may be of greater or lesser d<^ee. We haNT no reaDy pre 
ase means for measuring how different the funebons of the 
cancer ccH arc from its maternal parent 
Thyroid cancer is more than a single disease. This disorder 
marked by a wild, unconbollcd oi'crgrowth of thwoid gland 
cells may take a \’ancty of forms discernible under the rmcro- 
scope. Mr Marmelh and Eh Foote of Mcmonal Hospital 
among others, have made careful studies of the quanbtabi'C 
pickup of radioacbve iodine by the several forms of cancer 
of the th>TOid gland and also by certam noncancerous or 
benign turnon of that organ Thej ha\-e done a great deal to 
correlate the ceflolar picture of thyroid cancer with its abflitv 
to pick up lodme. It is a very interesting thing that, as the 
cancer cells become more and more unlilx their parent cells 
they simultaneously lose to a greater and greater degree the 
abihty to share with the parent cells the funebon of selecting 
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iodine and concentratmg it m their bodies In other words the 
more malignant, the more viaous the more wides p r ea d and 
destructive the cancer is the less by and large, is its abOity to 
pich lodme out of the bloodstream and to concentrate it m the 
cellular structure. 

It happens that some years ago at the Montefiorc Hospital 
in Nni York two patients were studied who had cancer of 
the th\Toid gland and had very ertensiv'e localized deposits of 
the cancer tissue m \’anous parts of the body far removed from 
the parent tissue— what we call metastases Of these two pa 
benb one had had the thytoid gland, the site of the ongmal 
cancer removed surgically but stiH had mamfestabons of an 
o\-cracbnt5 of the th)TOi(i This was clear evidence, of comsc, 
that the extensions of this cancer shared the funebons pos- 
sessed bj the parent gland of manufactunngthyrenan the tone 
product formed b) the gland normally TTus suggested that, 
smcc thjToan con tarns lodmc, the cancer metastasis or localized 
deposib would pick up radioacbve iodine and perhaps m suffi- 
aent quanbbes to allow conbol of the growth. 

Indeed, m this instance, when iodine was gwen as a tracer 
and a Gager counter passed over the body, deposib of cancer 
^ve^c detected which had not been \TSuahzcd by ordinary i-rav 
methods This was a ^'eIy unusual case and a beautiful one for 
experimental stud) I b^cve that Mr Mannelh, E)r Lcitcr 
Dr Sadhn and thar associates made a itay disfangmshed 
contribuhon It was possible to show that the con\‘CDhoDal 
method of suppressing the th>TOid acbvity in this pabent alw 
suppressed the acbnty of the localized disseminated deposits 
of the th)TO]d cancer and further that the iodine wbs picked 
up m good coDCcntrabon b) these localized deposits. Tbm 
final!) the crucial expenment was made under Mr Mannelh s 
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dircctioti the pabcnt v.-as treated with ladioactn-c iodine and 
a pronounced therapeutic effect was obtained- Indeed, now 
some }-cais later the pafaent still appears to be under good 
control The tumor is still there but, as far as one can tell, it b 
no longer actn-c A dramatic and a %-er} exatmg case. 
Howci-er this pomt must be made, thjToid cancer talcs mani 
forms Certamly not more than 15 per cent of all th^TOid can 
cen a rare disease m the Erst place, has been shown to picl 
up appreciable amounts of radioactnc lodme. One form, and 
a rather unusual form can be depended upon to picl up lodme. 
The more malignant and destmctn-c forms tend to picl up to 
a lesser and lesser d^rcc as the mi-asivcness inacascs 

I petsonaBv cannot feci hopeful that we uoQ ha%*c by radio- 
actnc iodine, straight inorganic lodmc, an attacl on a s-erv 
large percentage of thjTOid cancers The beautiful worl done on 
the single case I ha\’e discussed and the exatement associated 
with any new method of treatment hai-c tended to obscure 
the fact that onl) a very small percentage of all thyroid cancers 
picl up radioactne lodme at aff, and onl) a \-ery small fraction 
of those picl up amounts adequate to al]ox\ one to expect to 
control the disease, 

Howcicr 1 don t wish to appear o\-erpcssimistic. 1 d lilc to 
pomt out that we ha\-c only scratched the surface of this prob- 
lem Efforts should be undertalcn to mcorporate radioacti\*c 
lodmc m organic compounds that ma) be picled up to a greater 
extent b) the abnormal, cancerous tissue. 

To summarize, radioactiic lodme is useful m the treatment 
of h)perth)ioidism but I thinl that we do not )et have ade 
quatc data on the hazards Therefore, until wc lia\c more 
mf ormation, I ivill preserve a conscriatne posibon m piedicbng 
the extent of the future use of that matcnal In the treatment 
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of thyroid cancer only a small paccntage of the canccn pid 
up iodine at all and only a small fraction of those pid up 
enough to allow us to expect a therapeutic effect of the ladio 
acti>’e element But still the first bndge has been crossed, one 
i can control spcafic examples of the disease. 

Early m the wort with isotopes Dr John Lawrence of the 
University of California and others began to explore the pos- 
sibility that phosphorus could be used to measure the rate of 
growth or the rate of chemical tumo\’cr of normal and canca 
cells This of course was thought possible because phosphonu 
IS an acbvc paitiapant in the metabohe processes 
Dr LawrenccpublishcdonginaUyavcrydramaticeipcnraciit 
mvolvmg the use of radioactive phosphorus m the study of 
leukemia m mice. I should bke to point out that Icukama is a 
term which mdudes a number of sub-groups It is a cancer of 
the blood forming tissues but, since there are several different 
types of blood-formmg tissues, there are several different typo 
of leukemia They are all fatal, but they \‘ary m then clinical 
mamfcstations and in their response to therapy 

The results obtained by Dr Lawrence proved that the lymph 
glands the glands m one s neck that sweD when one has a sore 
throat, if they were the site of cancer (leukemia) picked up 
more radioactive phosphorus than did the normal glands That 
led to an elaborate senes of studies on animals with leukemia of 
vanous forms and then on human berags with leukemia to 
establish how great a difference m pickup existed bctv.'ccn 
normal tissue and tissue which had become cancerous (leu- 
kcmic) It was learned that the pickup of phosphorus u’S* 
dependent really upon a number of factors One factor is the 
amount of phosphorus which normally is deposited m tissue. 
For example, bone, whidi is made up very largely of calaam 
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phosphate, sstB m tunc deposit a large amount of radaoacti\e 
phosphorus but it is turned oxer \'er> slcmlv This leads to a 
second factor the metabohe tumo\cr of phosphorus and that 
is s-cry important because rapidl) growing cells use in thar 
metabohe actnitj much more phosphorus than do less actnel) 
growing cells 

Cancer cells bv and large, are \ery rapidlj growing cells and 
so the ^’cr) early obser^•abons gave \Trj promismg results The) 
mdicatcd clcarlj that cancer cells m general tended to pich op 
more phosphorus per cell than did analogous normal cells 
These early experiments ra ms opmion were not adequate!} 
controlled, because normal bssne was not compared with can 
cer tissue having the same rate of growth The cancer tissue was 
compared with normal tissue of a lesser rate of growth. Smee 
this factor of grow-th rate was not adequately controlled, the 
early figures were more hopeful than the later information 
warrants But, m an) csent, the fact was clear that phosphorus 
was picked up In leukemia bssne. The pickup depended on the 
chenucal aebnty of the cells the acbnly m general correlated 
with the rate of growth, and the cancer m general grows more 
rapidl) than normal bssne; hence there was more phosphorus 
m the cancer cells than m the normal ones This was par 
bcnlaily true of the cancer cchs of the blood-formmg tissues 
the bone manow the spleen, and the l)Tnph glands 
These facts promptly led, of course, to expenmenb designed 
to cure cancer of blood-formmg bssne by the use of radioactr\-e 
phosphorus You should understand that there are two tvpes 
of cancer of blood-fomimg bssne. One t)pe concerns a group 
of white blood ccDs, normalty the defeuswe cells of the blood- 
stream formed prmapally m the bone marrow A cancer of 
these cells can occur known as m)elogenons leukemia. The 
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cells then grow without restraint, infiltrate all tissues of the 
body and lead to the death of the individual affected These 
cancer cells share with the normal form the property of pictmg 
up large amounts of radioactive phosphorus or, of comse, 
phosphorus of any type, and arc somewhat more active in this 
function In this way, a high concentiabon of radioactnc 
phosphorus can be set up m the cancer cell, which therefav 
poisons itself and commits suiadc \'eiy bandilj for us So far 
some 150 patients have been treated for this disease with 
radioacbve phosphorus 

To sum up the results it may be stated that rather unifonnlr 
thegrondh of the cancer cells can be restrained to some ertcat, 
the symptoms of the pabent can be lessened but life probably 
IS not prolonged Ceitamly hfe is not prolonged by more than 
two or three months The phosphorus is somewhat better from 
the pomt of view of tlic pabent than is the use of comtaihonal 
X ray treatment, because there is less radahon sickness inrohtd 
but a real hazard is associated with the use of phosphorus Wc 
are dealing here with an element with a half life of fourteen 
days and it is not possible to predict precisely how sensibvc ait 
the cancer cells or exactly hou much phosphorus they will pick 
up It IS almost impossible to predict precisely bow much nor 
mal blood forming tissue is present m the body Therefore, it u 
hard to arrive at a dose which is )ust right to control the canctf 
cells and wiD aroid senous or perhaps fatal damage to the nor 
mal blood-forming tissues of the body For that reason a tend 
ency m most institnbons is to discard the use of phosphorus 
and to sbcl to convcnbonal i rays as being somewhat safer 
and more predictable m its results and attended by less hasrds 
to the pabent, even though it docs cause some Alness in the 
counc of treatmcnL 
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The second form of leukemia, known as IjTuphabc leukemia 
IS a cancer of another ty’pc of white blood cells It also kills 
uniformU and somewhat mote quickly than docs the myelogen 
ous form It is of parfacolar concern to us all because it is a 
form which frcqucntlj affects childicn There ha\'c been ex 
tcnsn*e studies on the use of iadioacti\-c phosphorus in the 
treatment of Ijinphabc leukemia and the results are not prom 
ising 

About 160 pabents havT been studied carcfuHj and the 
results ha\’e been summanzetL These experiments ha\'e been 
made m a number of chmes all \-er> good, and it is qmte appar 
ent that the results arc rather nnsatisfactor\ Of all the pabents 
with the chronic form of l>Tnphahc leukemia only about 50 
per cent show an) measurable benefit from this procedure. The 
other 50 per cent are not benefited at all Furthermore, the 
benefit exerted is at best tramicnt smcc there is little or no 
pTolongabon of hfc. And, finally there is a factor of hazard 
Radioactnc phosphorus once it is m the bod) carmot be 
remo^ed The precise scnsihMt) of the normal hssue, which 
picks up phosphorus almost as wcD as the cancer tissue, cannot 
be predicted. The tendenq is to abandon the use of Iadloacb^ c 
phosphorus and to rcs'crt to the more con\ cnbonal x ra) beat 
ment Cxcn though the x-ras treatment requires cumbersome 
equipment and is associated with some illness on the part of 
the pabent, it is somewhat more conboUahle. 

Until w: haic better compounds of radioacbi-c phosphorus 
than those now used the bcatment of chronic l)-mphabc leu 
kemu docs not promise dramahe results in the near future. In 
the Ucatment of acute l)-mphahc Icukcma there is no good 
result wliatciCT and it is distmctly hazardous 

To summarize bnefly there arc two forms of leukemia In 
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myelogenous IculOTiia, some relief can be obtained, life u not 
prolonged and there is little advantage m the use of plioj- 
phorus In lymphatic leukemia, there is no advantage m pltos- 
phonis life is not prolonged, and the hazard is real I am not 
optimistic about tlie future of the use of m organic radioactnc 
phosphorus in tlie treatment of cancer of the blood-fotm- 
ing tissues 

There is another disorder of blood Forming bssoes which b 
not a cancer and which is known as polycythemia In tins con- 
dition, the formation of red blood cells is abnormally rapd. 
It IS not a fatal disease. It is a metabohe abnormahty attcnckd 
by senous symptoms great disability and eventual compbea 
tions whicb may lead to death Here the picture is quite dif 
ferent from that of leukemia In the case of polycythemia, 
radioactive phosphorus is an excellent therapeutic agent Eteo 
m the range of 2 to 4 millicunes result m the disappearance of 
symptoms which lasts for up to two years without further 
treatment Tlic patent is enormously rdicvcd There is ob- 
jective evidence of improvement and by every point of view 
m treating this disorder the use of radioactive phosphorus b 
the method of choice. 

The two noncancerous conditions— hyperthyroidism and 
polycythemia— arc accessible today to treatment, the first with 
radioactive lodmc and the second with radioactive phosphorus. 
The two cancerous conditions— thyroid cancer and cancer of 
blood formmg tissues— arc not proved to be v'cry accessible to 
cure or to control by the use of radioactive iodine m the first 
case or of radioactive phosphorus m the second case. 

Now what docs the future bold? 

To have expected morgamc elements to be picked up to 
selectively and concentrated so adequately by cancer tissne as 
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compared to normal tissue xvzs a very optimisbc hope. I am 
not surprised that wc arc somewhat disappointed but we hair 
a \’ast field before ns Wc are bcginnmg to stndj the sclecti\'c 
piciup by cancer of a \*ast ^•ancty of organic compounds n hich 
can be s}'nthcsized in the bboratorj of organic chemistry to 
con tarn radioacti\ c isotopes of a s-anet) of elements I am s er) 
hopeful tliat startlmg discosmcs noil be made in the j'cars 
to come— not next year or the year after but m fis-e, ten or 
fifteen j«an 

I can give you examples of nhat sort of thing is in progress 
It IS possible that cancer tissue contains somewhat different 
proportions of ammo acids than docs normal tissue Expen 
merits are under v-ay to sjmthesize ammo acids containing 
radioactive elements It could be hoped if one cares to be s'cry 
optinustic, that one could m this waj lead into the cancerous 
tissue, by its affinity for certain organic constituents quantities 
of radioactive matenab which would lead to an auto-mtoca 
cabou and death of the cancer tissue. Snnflarl) much cancer 
occurs m organs rshich are under the conbol of the sex hor 
moncs the breast and the uterus in women and the prostate 
gbnd m men These o^ans depend for then yciy existence on 
compounds of known chemical consbtubon Itisbchcicdthat 
they sclccbi-cly concentrate these compounds or hormones 
when they are administered. Efforts arc now under way to syn 
thesize in the laboratory sex honnoncs contammg radioactu'c 
elements 

Fmally and this must not be o%TrIooLcd there is the be 
mendous fundamental work which will be done m a study of 
the basic biochemistry of the body by the use of radioacbie 
bacer elements I feel theic has been far too much emphasis 
on the direct therapeubc appheabon of the isotopes now m 
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existence and far too little empliasis on the cnonnous dnelop- 
ments out of ^hich ^\’ill come a new era of knowledge of the 
fundamental chemical processes of the body through the nsc 
of tracer elements which atomic energy provides Through that 
study a Msta opens up about which it is really most mspiniig 
to thmh. 



CHAPTER XIII 


RADIOACTIVE TRACER TECHNIQUES 
IN PHARMACEUTICAL RESEARCH* 


BY JOHN E CHRISTIAN* 


The proceess of sacace is characterized b> the disco\'CT> and 
use of relatively few mstrumenb or tools for application m 
rescarc±L Examples of such instnimcnts are the analytical 
balance and the microscope which, n hen discos ered, adianccd 
science rapidly Within the last fifteen years hon-ei’cr ty.oi’cry 
useful mstnunents haN-e been developed, the cvciotron and the 
cham-rcacting pile. The cj'clotion u capable of producing high 
speed particles of matter of \*anous descnptions and the pile of 
produemg slow neutrons The products of these mstrumenb 
radioactive isotopes are new tools m the hands of the sacntisb 

' By pOTumoo from the Jocnnl of Hie Amen cii i Pbmnicaitic*] Assocatjou, 
materal m Umchapta n tatro from VcA. XXXVU No 6 Jane, 

John E Chnstan, Ph D u Astoaate ProfesK* of PharaaceutKirClieimrtiy 
m Pordoc Unnmity School of Pt ui nacy md a Coordmalot of the Bto- 
Nuefcoma R aaudt P rogr im foe the Uanemty He luB bad fpeoal tnomog m 
the ■pnbcfbdm of eotopa it the Uonendy rf Cihfoma *nd ha had aght 
}em of cxpaxDcc trang tsotopes is reaeuch tooU. 
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It has been stated that the range of usefulness of the products 
of the cyclotron and the p 3 e is unsurpassed by anj other tools 
at our disposal with the possible exception of the analj-bcal 
balance and the microscope, 

Phaimac} as a profession is chiefly the apphcation of aD 
branches of sacnce to the production of medicmals and metk: 
inal products, and since radioacti\’e isotopes arc apphcablc to 
all branches of saence, isotopes ha\*e particular application m 
the ^nnous diMSions of the phannaceubcal profession. In ncr 
of these facts the phannaceubcal profession should be qmti 
to awaken to the unique opportunibcs afforded by radioactnc 
isotope “tracer techniques 

Isotopes ha\*e many important uses in the ranous fields of 
saence such as daelopment of power and atomic lescaich; 
however the phannaceubcal profession is primarily concemed 
with the use of producb which are radioacbve. 

APPUCATIONS 

Radioacb\e products ha\e at the present tunc two 'ery 
outstandmg appheabons to phamiacj' and phannaceubcal re- 
search (i) as thcrapeubc agents when used properly and with 

neccssai) precaubons^nd (2) as tracer elements As thciapcnbc 
agents Tadioacb\e isotopes by ^aituc of therr radiabons arc, 
m the true sense of the word a drug, and arc so dassificd and 
regulated under Scefaon 505 of the Federal Food, Drug, 
Cosmebc Act 

The parbclcs emitted when the isotope dmnt^iatcs are a 
source of pcnctratmg ladiabon m the treatment of abnormal 
tissues, a orcninstaiicc m which the miuiy to unwanted bssne 
IS notabl) greater than to normal essential tissue. 



Radwacttve Tracers m Pharmacy 175 

R<jdio<Jc<n‘e Isotopes in Pharmaceutical Research In phar 
maccubcal research the use of radioactiN’C isotopes in therap) 
offen several possibikties Specific localizing compounds 
which, by pre f erentially localizing m diseased tissue, x\t 11 result 
m much greater radiation damage to the diseased than to nor 
mal tissue, need to be prepared and tested A few such studies 
have been made, examples of which are lodme and certain gold 
coHoids but a great s’anety of compounds and mfonnation 
concerning their concentration m lanous tissues should be 
miestigatcd Perhaps much of this informabon maj be forth 
commg from data obtamed from other studies 

A second possible appheabon of ladioactn'e isotopes con 
cemmg therapeube agents is the production of modified forms 
of materials commonlj prepared b) manufacturing pharma 
cists The eSeeb of radmbon m the produebon of modified 
strains of bactena \irtiscs fungi, and actmomj'ces and such 
effects as the denaturahon of protems and maebsabon of 
cnzjTncs should be studied. 

A third and very important study is that of the nature and 
method of beabnent of radabon damage. In this direcbon 
drugs and necessary beabnent should be dc\ eloped to pre^•cnt 
or lessen radiabon damage and siclmess This sbid) is important 
for cases of possible human o\'erciposure m radiabon therapj 
atomic energy work, and warfare. 

Radioacbi-e isotopes have already been used as diagnosbc 
agents howes'er much remains to be done tenvard extending 
this usage 

In regard to therapeube usage of isotopes there is httic direct 
commercial appheabon in which the pharmacist, or manu 
facbinng pharmacist, will be mlcrcstcd smcc there is no im 
mediate prospect of the use of isotopes in mcdicmc m bige 
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amounts. The conditions m vihich isotopes have parhcnlar 
\'alae thcrapenbcally are rare at the present fame and m snch 
cases the dose is small and varied. The discoi*ciy of specific 
localmng agents as mentioned above might change this pic 
turc appreciably 

Applicabon as Tracer Elements Radioactive isotopes, 
as tracer elements rather than as therapenbe agents, haie 
the pnnapal appheabons to pharmacy and pharmacenbal 
research at the present bme. A radioactive isotope of an dc 
ment bcha\'es idcnfacally with other isotopes of the danent 
m aD chemical and phjsiological processes It labels withoat 
quesbon the parbcular atoms one wishes to trace regardless 
of then mcorporabon mto units with other atoms or mto an} 
combmabon m ss hich one might desire to trace them- In other 
sNtnds we haN'e the alternate m spectScaty for the taggmg of an 
atom orelemcnL 

The ad^nntagcs of the use of radioacbrt isotopes as tracer 
substances may be listed 

1) The mo^’cmc^t of ta^ed substances is easily followed 
usmg smtable detection dcMCcs 

2) Small amounts of the tagged substance may be used. As 
an example, as httlc as lo"^ gram of lodmc, o 1 rnicrogram, 0 
suffiaent for the tracer technique usmg radioacb\*c iodine. 

3) It IS often unnecessary to rcmo\’c organs or tissues or to 
IdU the organism m order to dctcnnme the presence and con 
tent of radioacbN'c matcnaL 

4) The deteebon of elements by thar radioacb\ity is up to 
one miDion tunes as scnsitn'C as by the usual methods of 
chemical or physical analysis This means that roughly 10 

to 10"-® gram of substance ran often be readily detected. 
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Sudi scDsitnity of measurement makes possible the mtelh 
gent stud} of problems is-hich heretofore could not be sohed 
by the use of enshng methods or tools In pharmacy and in 
pharmaceutical research m particalar w e has’e man) problems 
lend themselves to the appheabon of Tadioacfa\-e isotopes 
and which caimot be adeqnatdy solved b) other enshng 
methods 

Pure Pharmacy Research, As a tool m pure phannacy re 
search, radioactn'e isotopes ha\'c widespread appheabon A 
few of the possible applicahom may be bnefiy menhoned here 
as iDustrabons of this pomL 

Researchers have long desued to know the rate of absorpbon 
of certain medicaments from \-anous bases so that bases could 
be classified in this respect Also it is desirable to know if certam 
medicaments pass through the normal skm and membranes 
at aH and if so to what eitent Smee such small amounts of 
materials are mvolved, isotopes offer abont the only method of 
measuiiDg such absorpbon The rate of absorpbon of certam 
substances urines wi^ the degree of rmtabon of the skm thus 
the need for a method of measunng skm untahon is apparent 

The dismtcgrahon rate of tablets and cntencMxiated piUs 
and tablets m vn’o ma) be most critically studied usmg radio- 
acb^e isotopes The problem of aactl) when and where an 
cntcnc coat breaks down m the animal bod) is of considerable 
importance m detennmmg the rclatnc effiacnacs of the 
^a^ous cntcnc coats 

The pharmaceutical profession has a >-aiietv of methods for 
the admmistrabon of a specific medicinal substance. The quo- 
bon of ]ust which type of preparation gn-cs the most sabsfactor) 
absorpbon or ubhzabon of the medicmal can now be deter 
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mined precisely by means of the tracer technique. These arc hot 
a few of the many examples which might be cited for the tee 
of isotopes m pure pharmacy research 

Tracer Technique tn Pliarrruicology In plarmacology as 
appUed to pliarmacy tlic tracer technique offers even greater 
possibihtics for study 

Wlicrcvcr one desires to measure small amounts of sub- 
stances this tcdiniquc is parbcuhrly apphcablc The deta 
mmation of small amounts of residues on tlic skin and of the 
effect of vanous solubons upon the calaum-phosphorus dcplc- 
bon of teeth arc excellent examples of tracer appheabon 
Studies such as these arc next to impossible without tlic isotope 
tracer technique. 

One of tlic greatest advantages wluch isotopes offer m phar 
macology is making possible a study not previously feasible, 
of the rate of absorphon, excretion altcrabon brcaldcmTi 
eoncentrabon in the blood, and per cent distribuhon in vanocs 
organs of almost every synthebe medicinal substance. The 
same type of study may also soon be done with certam natural 
substances winch arc not rcadfly synthesized smcc a plant farm 
designed to grow pbnts in an atmosphere of radioactive COj 
IS nmv bemg set up m Chicago This unit is bong designed 
to produce natural drug pnnaplcs containmg radioactnc 
atoms To trace in the body such substances as vitamins hor 
monqs antitoxins and drugs which distribute thcrasclv-cs in 
tissue in minute quantifacs is impossible by ordinary analjiical 
procedures The value of such studies cannot be predicted 
however one can say tliat undoubtedly tlic contribution wih 
be mucli greater than can be anticipated. Even the study of 
such a simple substance as ctliyl alcohol \vould be a valuable 
contribution to pliarmacy and medicine. 
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By use of the radioautographic technique more detailed 
tracer studies can be made, dctcmuning exactly m what cells 
within a particubr or^n the substance bemg studied con 
centrates 

Radioactive isotopes also lend themselves to toxiaty studies 
a ma^oT area of pharmacological study 
The study of the uptahe, utilization storage, mechanism of 
action and need m the animal body of certam trace elements 
such as Cu Co Ni, and Cr is now possible by the tracer tcch 
mque. In short, we may say that radioactive isotopes arc 
apphcable to almost every pharmacological problem 
Practical Applications m Pharmaceutical Chemistry In 
the field of pharmaceutical chemistry the appheabons of radio- 
active isotopes are concerned primarily with the synthesis of 
substances which contain radioacti\‘e atoms which may then 
be traced. Such syntheses require special techniques and pre 
cautions but arc not considered difficult or dangerous 
The appheabons of isotopes m pharmaccubcal chemistry 
howe\‘cr arc not confined to symthesis Radioactive isotopes 
oScr the most scnsib\e quanbtab\-e method knowm and as 
such, provide a number of pracbcal appheabons The deter 
imnabon of the solubihbes of very slightly soluble compounds 
IS not possible to the same degree by other cxisbng methods 
The use of isotopes for such dcteimmabons possesses the ad 
vantage that the presence of foreign ions in no way mterferes 
with the measurements fhe method may be apphed without 
difficulty for example, in determining the solubihty of lead 
sulfate m the presence of ealenrm sulfate. The determmabon 
of the amount of a given substance that is absorbed or occluded 
during a precipitabon or ptmficabon procedure offers consid 
ctablc appheabon The dctcrminabon of mere traces by ordi 
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naiy chemica] anal}^ when it can be accomplished at all, 
requires tedious methods and is tune consummg. Isotopes also 
lend thcmselm to a study of the behavior chemical reachom, 
and properties of mcdicmal substances of unknem-n properties. 

Colloids are extremely important in pharmaceutical and 
medicmal chemistry and radioacti\'e isotopes are ideal for then 
Study from almost every standpoint Such studies \sould rc\cal 
considerable mformation about colloids which is not used or 
known today 

In conjunefaon \nth copreapitabon clubon added cameo, 
and chromatographic absorphon procedures, it will be possible 
to isolate, punfj and identi^ substances m small amounts 
from complex mixtures which heretofore was not possible. 
Such procedures used along with pharmacological studies sv-fll 
be mvaloable to pbarmaceubcal chemical research. 

Research Area m Pharmacognosy In the field of phanna- 
cognos} there are Iike\visc man) opportumbes for appheabons 
of radioacbs'e isotopes Here agam a few examples will suffice 
to illustiate the use 

Of prune importance at the present tune is the prodoebon 
of natural plant products which are radioactu'c. Wth many 
alkaloids glycosides etc. this is possible only by the growth of 
plants from which these materials arc obtamed m an atmos- 
phere of radjoacb\‘C carbon dioxide or m a media contammg the 
desirable taggmg atom The problems of produebon and isola 
bon of such pnnaples fall within the scope of the phaima- 
cognosist. The use of radioacbxT isotopes m conjnncbon with 
the field of hydropomes offers a most fable field for the pioduc 
bon and stud) of natural plant mcdicmals A study by the 
radioautographic tcchruqne of )ust what plant cells contain 
the aebsT principles and at what periods the content is greatest 
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m the vancms cells would be invaluable The phaimacognosist 
can contribute to the producbon of radioacti\^ antibiotics 
which m itself is an important research area. The rate of uptale, 
distubution and elirnmabon of \'anous elements radicals and 
compounds m medicinal plants is a research project worthy of 
considerable study especially m conjunction with the effect 
of \anous substances upon the acti%'c principles produced by 
the plant 

A study of the need of medicinal plants for certam trace 
elements and fertihzer needs ULcw'ise can now be imcstigatcd 
more thoroughly using the tracer tecdmique. 

Radioacti\'e isotopes mav also be apphed to soh'e certam 
manufachmng problems csamples of which are the uniform 
distribution of drugs m \anous medicmal forms muong prob- 
lems and vanous quantitative problems 

SlTMKtARY 

Briefly wc mav say that radioactriT isotopes arc apphcablc 
to afl branches of pbarmaceufacal research and, by Mrtue of 
the \ery nature of pharmaceutical problems themselves, arc 
especially important 

It IS hoped that the illustrations of the apphcations of radio- 
actn.'c tracers to pharmacy and pharmaceutical research, as 
presented here, arc of suffiaent number and \’anc^ to shosv 
that this tool is capable of many diverse apphcations 

It IS desirable that m the future a greater number of mdi 
Mduah mterested m pharmaceutical research and the welfare 
of pharmacy make use of this ci.ccDent research tool and there 
by facihtate the solution of many important pharmaceutical 
problems 
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NUCLEAR PHYSICS 

AND MEDICAL RESEARCH^ 


BY G FAILLA* 


Undoubtedly there will be later very important developments 
m nuclear ph)'Sics which at present cannot even be imagincA 
When Roentgen discovered x rays he soon found that a photo- 
graph of a human hand tal«.cn with the new rays revealed the 
contour of aH the bones After that it was not hard to imagmc 
how with lmpro^'cd apparatus and further study i rays would 
become very useful m the diagnosis of disease. Herwoer no 
one at that time could har^c possibly predicted that i ra)^ would 
play an important part for instance, m the development of 
S}'nthcbc rubber or nyloiL That came about simply because 
some phj-sicists were cunons about the nature of the new rajs. 

iRqjnntcd by pointnton from Tbc JcmwtlLtnceU VoL LXVTI, No a, 

tsx, n Profcoor of Ridicdogy md Director of Rjdioh ykal Re 
leircfa Libo n tocy Department of Radttdogr College of FbysicianJ lod Sarjeow, 
Cohnnba Unnenty 
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Were they \va\ es Uhe light? If so it should be possible to obtain 
diffraction patterns b> passing them through a cr)-stai argued 
\on Lauc. Fnednch and Knippmg tned it and found it so 
Many nev, discosmes foUorv'cd this obscnation Then the 
process U’as res'crsed and x rays were used to stad) crystals then 
to study the structure of all sorts of materials Chemists learned 
more about the shape of molecules and how to alter them 
to produce desirable charactcnsbcs such as stretching m the 
case of rubber Today the x ray spectrometer is an mdispcnsable 
research tool m e\'cry industrial laboratory 
From the work that has alrcad\ been done with radioacbr'c 
isotopes and other tools of nuclear physics it is olmous that 
they will be s*ery ^■aluablc in medical research. But physicists 
chemists biologists, and all sorb of people will try innumerable 
aperunents to satisfy then cnnosity about something or other 
in connection w'lth these tools and some of them will discom 
new phenomena that will expand the field m difFcrent direc 
bons— totally unpredictable at present It is ^■e^y important, 
for this reason that free” research, untrammcled by directi\cs 
or utflitanan ob)ecti\-es be encouraged and nurtured 
The mdespread use of radioacbN^ isotopes m\-ol\-es health 
hazards of an insidious nature lonmng radiations which the; 
emit, injure hMng tissues but at the time of the exposure the 
mdrcidual has no sensation or wammg of any kind Turther 
more the injury docs not manifest itself for days weeks months 
or cvxn yean In fact if the mjury occurs m the germ cells it may 
become apparent only m subsequent generations Enough is 
known today to prcN-ent direct mjury to anyone worbng mth 
ionizing ladiatioiis Less but still a good deal is known about 
the dutributicm of ^adloactl^■c isotopes taken mto the human 
body and the injunes they may produce through the radiabons 
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they emit Great caubon must be exercised when radicactnc 
substances per se ox m chemical compounds arc mtrodoced 
mto the body for any purpose whatever We must avoid the 
tragic results that foDov.'ed the drmking of radium water, whai 
at the bme was ad\‘ertised as a magic remedy for many obscure 
aflments It is important to remember that m these cases, no 
mjunous effects were noted for a pen od of )'cars and then cancer 
dc^•cIopc^L 

As j-ou aH know carbon is a chemical component of piac 
bcaDy c\‘ciy drug produced today A radioacfavc isotope of 
carbon, is nov. a\'ailablc and m prmaple it ma) be mcor 
porated in any organic compound. Food— Jet us say sugar — oti 
drug contarrung some radioactive carbon may be administered 
to a penon to study lb coarse through the body C*^basa\tiy 
long life (after 4,000 years about one half of the mibal axnonst 
still remains) so that if it is not eliminated completely by the 
body some at least will contmuc to irradiate tissues threraghoot 
the mdindual s life. ^Vhat nill happen depends on the amcrant 
retamed and ib locabon. There is pracbcaUy no expcmncntal 
mformabon available on this point For this reason the com 
mittec on isotope distriffubon set up by the Manhattan Distnct 
has recommended that no C* ^ is to be administered to human 
suhjeeb unto suffiaent animal cipcnmcntafaon wilJ have pro- 
vided the basis for safe usc- 

Carbon fourteen presenb other difficulbcs If it becomes m 
corporated m Ining bssues some be transformed into CO* 
through ordinary metabohe processes and will be exhaled mto 
the atmosphere. In a laboratory sphere many experimental am- 
mals are present, this may constitute a health harard for the 
workers At any rate the presence of a ladioactn’c gas m a labo- 
ratory sphere dchcatc radiabon m sUmu enb are used is \exy 
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nndcsHablc. Therefore, provisions should be made to remove 
CXDi from the air 

It IS certam that radioactn'e isotopes will be used m the future 
for all sorts of purposes Thej will be used because of the fact 
that they emit radiaboiL Human bemgs hav-e been exposed 
from tune immemorial to the ladiabons of radioacti\'c sub- 
stances m the earth and to cosmic raj-s but the mtcnsity of 
diescnaturally occurrmgradiabonsis vciylow If by the wide 
spread use of atomic power and radioacti\’e isotopes we raise 
the level of loomng radiabon to which the population is ex 
posed, we shall ha\'C to consider senonslj the mfluence on 
foturc generabons Exposure to tonizmg radiabon has a cumu 
latn-e effect on the germ cells Mutabons m the xast ma)Ont> 
of cases produce infenor rndnaduals We must mdeed be wise 
m the Atomic Age to a\x)id sudden extermmabem m an atomic 
war or slow detenorahon and pKJSsibl) e\‘entual exbnchon of 
the human race. 
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1915 Genrral Theory of R^atmty (A. Eimtem, Gcnuny and Umttd 
States) 

1919 NtwJtttr Matter Predtei/ Measured (F W Ashton, Enriand) 
TransmutaUon of Nitrcttcn jnto Floonnc by Alpha Fartida 

from Radnim Adhicvca (E- Rutherford, En^nd) 

1920 Proton DiscovCTcd (E. Rutherford En^nd) 

1922. Parttde Nature of Proved (A. H Compton, United 

States) 

1925 Wtn** Nature 0/ Matter Concrat (E dcBroglic, France) 

Matm Mechartta Theory (\V Hciscnbeig, Gcnnany) 

1926. Ware Mechmtia Theory (E. Sebroedmger Gcrminy) 

1927 Ware Nature of Partiaes Proved (C J Davisson and L. H. 

Gcnner United States) 

Uncertamty Prmdfite (W Heisenberg, Germany) 

1928 Quarjtum Mechanict Tbcoiy {P A. M Dnac, Ejigland) 
i,)uanlum Mechamet Applied to UndcxstaDdiM of Radioactnc 

Disintegration — ^Theory ot Alpha Particle Emi s sio n (E U 
Condon, Uiuted States; R. W Gnrocy England, C Gamow 
Rtmu and United States) 

1932. Trarxxformation of Lithhrm NueJef by Artificially Accekalra 
Protons (Marvinade *3iiJletj”) A^ievcd (J D Coclirtrft 
andET S Walton England) 

Porrtfon pontnely charged equivalent of the Electron, Discov 
ered (C D Anderson, United States) 

Neutron Discovered (J Chadwici, England) 

Deidemim DjO (Heavy Hydrogen) Discovered (H C. Ur^ 
Bnekwedde, and Mnrphy United States) 

1933 Artifiaal Padioacixnty Discorwed (I Ctuic and F Johot, 
France) 

1935 Ordinary Uranmm Discovered to have a Thud Jroiop* of Miss 
235 (A.) Dempster Uiuted States) 

1936. Meson Discovered (C Anderson, Umled States) 

lityuid Drop Theory of the Nudeus Enonoated (N Bohr Den- 
marl) 

1939 Nudear Fusion of Urinuum Discovered (O Hahn and F 
Strassman, Germany) 

In March Fust Approach Made to Navy Department on Pos^ 
bilities ra Fission (Pegram and Fcnn4 Colombia University) 
Experi m en t of Fermi that the Neutron WtR SbUt U 235 
preted by the Mathematiad Approach (E hlotocr and O R 
Fnsch, Austru) 

In Jnly Aid of Alexander Sadis of New York Enlisted fn Gettn^ 
the Facts of MDitaiy PossOiHibes before President Roosevelt 
(Emstem, Wigncr and Szilard) 
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1939- 40 Cyclotron Dc\-dopcd (E. O Lauicncc, United Stales) Elec 

tnxtaitc Voltage Atom Smasher DeiWopcd (Van dc 
Graaff Massachnsetts Insbtntc of Tcchnologj Tuic, Cai 
ncgic Inshtute of Washington^ Herb Unncrsit) of W»- 
coDsm) 

1940 Transnranic EJcmenti Docmcred (G Seaborg ef United 

States) 

In Sommer Possible Use of Plutomum for Explonve Cham Re 
action Discoicred (Radaboo Laboratory Unnrrsity of Cali 
fomra) 

Jsoto^ U 335 shoviTi to be ResponuWe for the Fission brought 
about by Neutrons (Nicr Booth Dunning and Von Crosse 
United States) 

1940- 42, Gaseous Diffusion Method of Sqaarabug Uranium Isotopes 

Desdoped (H C Urey and J R. Dunning, Columbia Uni- 
versity) 

1940-^ TTiemurf Diffusion Method of Isotope Sebaration Investigated 
(R- H Abeli^ U S Bureau of Standard and Naval Resaroh 
Laboratory) 

1941 Centrifuge Isotope Separation Developed (Imhaled bj J W 

Beams, Univemt) of \'ugum) 

Betatron or Electron Acederator Developed (D W kerst 
United States) 

In Pall Preliminary Studio* 0/ Atomic Bomb Begun (G Brcit 
Umvcmt) of V iscomm and continued under J R Oppen 
heimcT Unrverety of Califoma) 

1942. In Maj Dcfoy'edJ^unon Neutrons Discovered (Snell Nediel 
and Ibser) 

Mass spectrographic Method of Separating Urumtim Isotopes 
Developed (Radution Laboratorv Univcrah of California) 
December First Successful Atomic Pile Operated (E^ Fmni, 
II Zinn and II L Anderson United States) 

1945 Atomic Bomb Developed (J R Oppcnheimcr et al^ United 

States) 

)ul} 16 Frnt Expcnineiital Bomb Dropped on Desert near 
Alamogordo New Mexico 

August 6 Fiat Militarv Atomic Bomb Dropped on Iltroshima 
August 8 Second Military Alorme Bomb Dropped on hagasah 
August 10 Japan sued for peace, 

1946 Injul) Atormc Bomb Tested of BiJbni (U S Aimv and Navv ) 
1948 Atomic Bomb Tested tff Emuefofc (U S Army and Naw ) 

Artifical Maons Produced (E. Cardna United Stales and 
GM G Latta Brazil) 
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GLOSSARY OF SOME IMPORTANT 
SCIENTIFIC TERMS USED 
IN ATOMIC ENERGY 


AbsoTptkm coeSaeat Tbc coostaot m (mu) chaiactembc of the 
nat^ of the radahon, ib energ]^ atid of the absorbing matenah 
for radiatwos uhosc absotpbon follcm-s an exponential law 
Acceletatiom The tunc rate of change of selocrt) other m speed 
or dirccbon measured by the change m unit time. Umt— one 
ccntiraetcr per second per second 
Accclcratoa. Instmmenb such as cjdotrons or betatrons used to 
accelerate particles to a higher ^Tlooty 
Actinium. Natunl hca\y deraent Atomic nomber 89, atonuc 
weight appr o nmatd) zzj 

Alpha pa r t icle A positisdy chafed partide emitted by certain 
naturallj radioactn'C substances like uranium and radium The 
alpha partide has been found to be identical uith the hehom 
atom nudeus, s^hich consisb of two protons and two neutrons 
The mmc ongiruHv l e f er r e d to the alpha radiation from ruturalh 
ndioactT\e substances like uianram and radium, later recognized 
to be fast moving nuclei of ordinaz} hchum gas 
Amcrlcnim New dement, produced artificTall) Atomic number 
9 > atomic weight appre m nutel) -.ji 
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Ampere. Unit of current of electricity It b equal to one coolotob 
per second 

Angstrom. Umt of wa\'clcngth of ndiabon It is eqmvalcnt to io“* 
centimeter or one hundred-millionth centimeter 

Atom. The smallest unit of which a chemical element b boiH. 
The simplest atoms arc those of hydrogen, the most compla, 
those of uranium The word is denved from the Greek and means 
an uncuttable thmg, which makes the name rather ill adapted 
to an age of atom smashing and reflects the older view that atooa 
are fundamental, mdestructiblc things m nature. The s true tin e 
of the atom is like that of the solar system m that there is a heavy 
nucleus analogous to the sun with electrons rotating about it m 
orbits as vanous heavenly bodies like the earth rotate about the 
sun 

Atomic bomb Although the details of the atomic bomb are mili- 
tary secrets certain facts of interest have been disclosed 

Atomic bombs cannot be made smaller than a certam cnbal 
size. A small lump of aramum will not explode because it Vsa 
too many neutrons through ib surface for a cham reacton to 
maintain itself Before it is fired, the bomb contains the actnc 
material m two or more separated lumps too small to erplodc 
by themselves and the oct of finng ctmnsts m bnngmg these to- 
gether at a great velocity into a single lump large enough to be 
explosive 

Enough energy is released dunng the first few mflhonths of a 
second after finng to bring the material to a temperature of many 
millions of degrees Thus the uranium is completely vaponicd, 
enormous pressures develop, and expansion begins In cons^ 
qucncc of this ecpansion, ttc material becomes less dense, the 
neutrons can leak out more rcadilj and the cham nacbon u 
stopped well before all the uranium is utilized 

Atomic number (Usually denoted by Z in formulas ) This gnes 
the nomber of protons (positn'cly charged) msidc the nucleus of 
the atom and also the number of electrons (negatively charged) 
outside the nucleus Each chemical element is distinguished by * 
different atomic nnmbct 

AH the atoms of a particular element hav’c the same atomic 
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nombcr for the chemical properties which charactenze an dc 
ment arc detemuned bv the number of dcctrons m the atom, m 
other words, by its atomic number But not all atoms of the same 
chemical dement base the same atomic weight (See Isotope, 
Atomic weight Nucleos ) 

Atomk weight This term b used to denote the weight of anj 
atom as measured on an arbitrary scale based on the weight of 
an oi)gcn atom On this scale the figure i6 is chosen as the 
weight of the oxjgen atom Adopbng this comenbon it is found 
that the weights of atoms of the other dements can he expressed 
\ery nearly as whole numbers These whole numbers arc called 
the rough atomic weights The atomic weight of ordinary hj'dio- 
gen IS 1 that B, a hsdrogen atom is roughly one-scctecnth as 
heavy as an oT\-gen atom The atomic weight of heav) hvdrogcn 
B 1, hehum, 4, hthium atoms occur m two >’anebes, with weights 
6 and 7 The figure giving the rough weight of an atom on this 
scale IS also the total number of protons and nentions contained 
in the nucleus of the atom 

The precise atomic weights differ somewhat frenn these whole 
numbers by apprcramatclj one thousandth of the total weight 
Ths difference, however is of decisive importance for esbmahng 
the energj rdcased on the fonnabon of these atoms m accord- 
ance with the mass-cnerg) equivalence rclahon 
In precise worV. it is important to realize that two different 
scales for atomic weights are m use The phj'siasts scale is one 
m which the weight of the abundant isotopic form of owgcn b 
arbitraril) taken as cxactlj 16 The chemists scale” takes the 
average weight of the various lands of oxv gen atoms as thej occur 
m nature as ciactl) 16 The form scale is more convenient for 
studies of atomic energy 

Avalanche. A process in which one electron produces more than 
one additional deebon b> collision 

^^^Kigrotmd counting rale. The background counbng rate b the 
rate of counhng caused bj anj agenev whatc\cr other than the 
radulion which it is desued to detect 
^«k«allering A process of mulbplc scattering of radioactive 
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parhclcs from radioactive samples mounted on or near matter 
This results in additional particles entenng a detector Coirectioni 
for this process may be made for each geometry used. 

Bam. A umt for measunng cross sections of elementj. 

Bcryllfom A light metallic element, but a tough one. Atomc 
number 4 and chemical mas* 9 x>i 
Beta particle. A negabvely charged particle emitted by certain 
radioactive substances The beta particle, it has been discovered, 
u simply a high-speed electron having energies such as would be 
obtained by accelcrabng an electron by a potential of several 
milhon volts ^Vh^Ie bcia porbclcs are emitted by the naclem, 
it IS not thought that elections axe contained m the nucleus as 
such It Is believed, however that they arc created (and unme 
diately emitted) by a hansformabon of some of the energy m the 
nucleus The processes inwlvcd in beta particle ladioacbvity are 
at present not well understood 
Beta ray*. A large number of moving beta parbclo 
Betatron. An apparatus for acederaUng electrons to give great 
speeds for use in nuclear bombardment experiments 
Binding cnergle*. The energy which must be mtroduced mto the 
nucleus of an atom to cause it to lelcasc a given nuclear particle 
(neutron, proton) or component such as an alpha parbei^ 

Calatron A machine for separating the various uranium isotopes 
based on the xnass spectrograph pnociple 
Coptnre. In particular capture of a ncubon by an atomic nucleus 
In atomic physics this term refers to any process in which a neu- 
tron on colhding with an atomic nuclear sbets to it or is ab- 
sorbed into it, or from which fission results Depending on the 
nucleus which is struck and the speed of the neutron striking it, 
the capture may have one of several results For example, if a 
neutron is captured by a nucleus of ordinary hydrogen, some en- 
ergy IS given off as gamma ladiahon and there results a stable 
compound which is a nucleus of heavy hydrogen, also called * 
dcutcron When a neutron of any energy is captured bv a 
nucleus the result is the splitbug of the U**® nucleus, lew 
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fijSKni. On the other hand only nentioni having energy of more 
than about i/xoooo electron ^'olts arc able to produce fijsion 
nhen cap tur e d by U®** Those of lower energ) stick to the 
nnckus, that is, they are captured to form a nucleus of U**® 
^^hlch later througji natural radioactivity transforms itself into 
Dcptunium, 

Cham TcactioTL. A term applied to any chemical or nuclear trans- 
mutation process m y.hich some of the products of a particular 
change asnst the fnrtber development of that change, 

Speaficahj m the fission ch^ rcacbon used m the atomic 
bomb or the power producing uranium pile, the occurrence of 
fission IS caused by the capture of a neutron bj a uranium atom 
Then, when Ssaoa occurs, more ncatrons are released, which in 
tom produce fission m additional uianmm atoms, and so on 
In pracfacal devices constructed to produce chaui reactions, not 
every neutron emitted tn fission causes more fission Indeed, cy 
cept to cause an explosion a perfect cham reaction le, one m 
Vihich every neutron causes fission, is not desirable. And m the 
atomic bomb designed to produce the most effiaent chain reac 
taon, some of the neutrons leak out of the surface before they 
cause fission In the nramum pile some of the neutrons arc ab- 
sorbed by nnpunbes or by control rods dchbcratclj introduced 
to regulate the rate at which fission occurs 
The possibflity of obtaining a true self maintaming chain reac 
tion depends on the fact that more neutrons arc emitted in a 
fission than are required to produce it The attainment of an 
actual cham reaction in a practical arrangement depends on fuh 
fifiing the condition that, m spite of inevitable losses, on the 
average at least one of the neutiom set free b) each fission is 
effectively uhhacd m produemg another fission 
Qfflgc. A quanbty of clcctnatv The ulbmatc mdivisible charge 
IS the charge of one deebon 

^-lienncal cuihange. A process in which an atom in one kmd of 
chemical snbstancc crehanges places with a similar atom in a dif 
ferent substance. This exchange is influenced bv the rclahvc 
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masses of the two atoms of the same cicmeni; and fonns the hasu 
of methods of isotope separabon and conccntrabcm 

Qond chamber Device for observing path of mdmdnal radotwo 
parbclc. Track is made visible to the eye because fog droplcb are 
formed along the path of parbclcs 

Coincidence correction Smcc counters have an insemitrvc time 
the observed counting must be corrected to mdicate the true 
countmg rate This correeboo is sometimes called its comadcncc 
loss correebon 

Control rods. Rods of neutroo-obsorbrng material (cadmmm a 
boron steel) used in a pile to conbol the chain leacbon to 1 
steady IcvcL 

Coolmg A term commonly osed for settmg aside a highly aday 
active material for some hme nnbl the radioactivity has reduced 
itself to a desired level 

Cosmic taji Penctratmg radabon, of great soenbfic interest, 
which has its ongm beyond the earth 

Coulomb A unit of charge The charge on the electron is 1,60 X 
10-1® coulomb (014.80 X io“i® electrostabc nmt) 

Count A count is a terminated dischaigc produced by an lonmng 
event m a counter tube. 

Counter (Crystal) A tadiabon dctccbon nutrument which aD- 
ploys solid crystals such as silver chlondc or thallimn bromide. 

Coraitcr (Gaga) Instrument for detecting and countmg mdh 
vidnal radiafaous such as beta parbclcs, alpha parbdes, and gamma 
rays 

Countmg rate voltage charactensbe. The counting rate^ltagc 
charactembe of a radiabon counta tube is the counting rate as a 
function of operating voltage for a given constant mtcnsity erf 
ladiaboD 

Cnbcal num. TTic mtnnnam amount of a given fissile material 
(nramum 135 or plutonium*239) required for a spontaneous 
chain reacbem With less than rhi< amount, the rate of escape of 
neubems through the surface of the mass is too high to result m 
a chain reacbon 

Cross section* A term used m atomic physics m measuring the 
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number of collisions of a gt\'en fcmd cxpcncnccd b^ parhdes 
bombarding a gi\‘cn target It tells the cffccti\e target area for 
the process in quesbon and is thus usualU expressed in square 
cenhmeters The cross scebon in a bombardnicnt of an atomic 
nucleus, 1^ the cffecbs’c area erposed to a bombarding neutron 
of a certain speed, is of course, an cxccedingls small quanbtv of 
the order of 10“"* square ccnbincter 
To gi\e a famfltar oamplc, one ma\ compare a bombardment 
p i oce & s to sboobng rcpealcdh at random into a brge flock of 
ducks The greater the asrrage sue of the ducks (the “cross see 
bon ) and the greater therr number in a gi\Tn area, the more of 
them win be hit So likewise, the numbo of neutrons going at 
a certam speed through a block of uranium which will be cap- 
tured b\ uranium atoms simcs with the capture ctoss scebon of 
onnium and also with the number of uranium atoms in unit 
'olume of the metal 

Cone. Amount of actnih of radon in equilibnuin w ith 1 gram of 
radmm Standard measure of rate of radioacbnt) decav equal to 
5.71 X 10*® disintegrations per second It is equivalent to the 
total rate of emission of alpku from 1 gram of radiom separated 
from its daughters 

Cunum. New element artificialK produced Atomic number 96, 
mass numbers -qo-14^ 

Crclotnnu A research mstrumcnl which is designed to provide a 
beam of high-cncigv protons and dcvitmons U was invented m 
1950 b) E O Lawrence (UnivcTSih of California) and has been 
of great importance as a tool for research m nudear phvsics 
The evdotron involves a brge dcctromagnct having a vacuum 
dumber between its poles In this chamber an clcctnc arc is 
operated at the center to act as a source of protons or dcutcrons 
Inside the chamber arc two scmicircubr electrodes to which is 
applied a radiofrcqucncv voltage T he protons arc accelerated bv 
the clcctncal field between these electrodes, thev llicn move in 
a ^CTTucircubr path as a result of the action of the magnetic 6cld 
Ihinng the time the protons arc moving around m tins semi 
ciroibr path the voltage on the electrodes reverses so tint the 
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proton again u tpccded up on tr a vel i ng again the fidd bdwcoQ 
the electrodes In this way the protons arc given many mccesmt 
increases m speed and acquire m the cod energies of the order cf 
several million dectron volts (Sec Energy ) 

The beam of high-energy portidcs so produced is allowed to 
impinge on vanoos materials so as to produce nudear bans- 
formabons m the atoms of these targets 
Up to the begmning of the war there had been cowbacted 
about 20 large cyclotrons m vanons research laboratoncs m 
Amenca, hvo or three m Russia and m England, one m DcmraA, 
one m France, and three in Japan They found extensive apph- 
cabon m prepanng artificia] radioactive materials for use fai 
medical rcsear^ 

Danger coeffident Meastne of ncutron-asborbmg power of an nn- 
punty clement m a pQt 

Daughter element TTie product dement resulting from the spon* 
taneous disintcgrabon of a radioacbvc element 

Dead time. The fame mtcnal after recording a count, dtmng 
which the counter tube and its circuit are completely mscnsibTC 
and do not detect other lonizmg events (symbol U) 

Decay curve. Graph rclatmg decay rate (counts per minute) of i 
radioactive sample as ordinate versus fame as abscissa. 

Decontammatioii. Separation of undesnablc radioacbvc sub- 
stances from a desired product og, separabon of fission product 
radioactivibcs from plutomum 

Dcoteinim The special name given to heavy hydrogen, discovered 
m 1932 bv UrC) then at Colombia Umvcrsity and Bndnvtddc, 
of the Nabonal Bureau of Standards Deutenum has almost the 
same chemical properbes as tlie more abundant kmd of hydro- 
gen although its atoms arc twice as heavy Heavy hydrogen maics 
np 1 part m 3,000 of ordinary hydrogen 

Dcoteron The special name given to the nndeus of heavy hydi^ 
gen It is the simplest composite atomic nucleus and consists of 
one proton and one neutron, used as a projccfalc in many bom- 
bardments with the qrlotron 
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Diffmale. Material wbich has been separated by the process of 
diffusion Specifically material which has passed through a bar 
nei m the bamcr diffusion separabon method for uramom iso- 
topes 

Diffusion. The moi'Cmcnt of molecules through a gas, hquid, or 
sobd due to the natural mobon of the molecules which is a 
funebon of then temperature The higher the temperatuxe, the 
higher the rate of diffusion 

Dinntegration The process of spontaneous nuclear chan ge m 
which a beta parbcic, alpha parbcl^ or occasionally a positron, is 
given off from the nucleus Icavmg the nucleus with a different 
atomic number 

Dyne. Unit of force. The force vchidi will produce change of \-cloc 
ity of one centimeter per second in a gram mass m one second 

ESdeacy of a cotmtex gas The abo of paibcles detected by the 
counter to parbdes entcruig its sensitive region 

EffiocDcyof a tadiabon counter tube. Tbe efficiency of a radiabon 
counter tube is the probabOit) that a count will place when 
the adubon to be detected enters the effective volume of the 
counter tube. 

Electrometer Electrostabc instrument for measuring difference 
m potential Used m radioacbvc research to measure change of 
dcrtiK potentials of charged dectrodes due to ions product by 
radiations 

Ekebon. The smaDest known parbcic having a negabve elecbic 
charge The part of an atom outside the nucleus is made of dec 
trons the number of whidi, bemg equal to the protons m the 
nudeus, is the same as the atomic number of the atom An elec 
tnc current m a wire consists of the mobon of electrons through 
the material of the wire, A current of i ampere corresponds to 
the passage of 6.24 bilbonbilhon deebons m one second In radio 
tubes and in cathode ray (telcvTSion) tubes, the current is earned 
I7 a stream of dcctrons The beta parbdes emitted by certain 
radKacbve materials are high-speed electrons 
The mass of dcctrons at rest 11 *0 imaH that 502 X lo^* of 
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them axe needed to make a pound (lo*® = i followed by 29 
zeros) The mass of all the dcctrons contamed m a lump of 
matter n only about one three tbousand-sn hundredth of the 
total mass, most of the mass being contained not in the eketrom 
but in the atomic nuclei An electron in rapid mobon his more 
mass than one at rest because of the mass equivalciice of its 
energy of mobon An electron accclcnted through 512 kiloTolb 
has twice as much mass as one at rest Thus, the beta paibdcs is 
they arc emitted hy radioactive materials, and the elec bon s m 
high voltage x ray tubes, may have several tunes then Doraal 
mass 

Electron volt A umt of energy the amount of energy acquired by 
an election when it falls through a potential difference of 1 volL 
In terms of the basic unit of energy the erg, the relabon is 

1 electron volt = 1 60 X erg.’ 

Nuclear reacbons usually involve energies of the order of milboju 
of electron volts, while chemical reaciions mrolve energies of 
only a few electron volb An dcction volt is equal to the energy 
of a smgle hydrogen atom traveling at about 550 miles a mmatc. 
(Sec Energy ) 

Electroscope. Instrument for racasunng radabon by means rf the 
lonnabon the latter produces m an this lonizabon aebng to dis- 
charge a "condenser” made of two gold leaves or of metal-coated 
quartz fibers 

ElemenL One of the basic lands of matter— hydrogen, caibon, 
oxygen, nranium, etc. — from which all chemical compounds are 
formed (Sec Atom.) Each element 11 dengnaled by a cbcmical 
symbol as sho^ii m the table of elemcnb and m the periodic 
chart. 

Energy Defined as the capac i t y for doing wort. It appears re 
many forms, as energy of mobon (Janebc energy) gravitabooal 
energy heat energy nuclear or atomic energy chemical energy 
and so on Bat it is always measured by the work uhich it do^ 
It is measured, m other words, as the prodncl of the amount oc 
1 10-“ = 1 dhided by i,ooo,ooo./xxv»o ix, 1 m tbc tudfthdccfaiulpl^re- 

icr* =: 1 dinded by 10,000, etc. 



force exerted malhpLcd by the diitancc through which the force 
•ctx. 

Energ) = Force X Distance 

For example, one unit of energ) the foot pound, is the amount 
of energy necessary to bft a i pound u eight a vertical distance of 
1 foot- 

In scientific work a great many other nruts are used to express 
qomtrties of energy the fundamental unit of the metne system 
being 1 erg The foUov.ing table gives tome of the commonly 
used energy units, arranged m order of sire, and the number of 
contamed m each 

Energy mnt Eqan-alent m ergs 

Eketron \oIt i 6o x lo-^ 

Erg 1.00 

Foot-pound ' 5 5 ^ million 

Gmn<alone 41 &6 million 

Bnteh thotnal niut (Btn ) IJ55 X lo^® 

HoTJcpovi«-hoar a.68 X lo^* 

KUowatthour ( 1 ,41 horsepower homs) 3 60 X 10^ 

The energy released on fission of a smgle oramum atom is 200 
mfiboa electron volts = 3^ X lo''* erg Therefore, to get one 
kilowatthcwr of energy it is necessary to bong about the Sotoh of 

3.60 X 10** 

Since there arc 11 6 = 10 ® otanium atoms m a pound, the fis- 
non of the uranium atoms m one pound of oramum brmgs about 
the release of milhon kflowalthours of energ) 

The total clcctncal energy developed m the Umted States in 
1939 ^ 1 61 X 10* kilowatthoois, which is the amount of 
released by fission of 

1. 6 1 X 10'® 

T553^ = *55Xio’p<nmd> 

= 7 7 s tons of uranium 
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Earichmept factor A ratio of ratios the ratio of concentrabon of 
a given desired isotope to that of the other isotopes in the prodoct 
mixture divided by the corresponding rabo m the mixture before 
isotope separabon processes are used Thus, to produce 90% U*** 
from natural nramum (1/140 U**®) needs on overall canchmeit 
factor of 90/10 — 1/139 or about 1 160 

Erg Umt of work. A force of 1 dyne acting through 1 cenbmete 

Fissile. Capable of bemg split, deavable Used to describe typo 
of atoms inch os iiranmm, thonum, and protoacbnium wl^ 
may undergo fission 

Fission A particular kind of disratcgiabon of an atomic nnclem. 
It IS the release of energy m fission which makes the exploncm m 
the atomic bomb Fission was first rcalixcd in late 1938 by Otto 
Hahn and Strassmann (German) In the fall of 1945 Otto Halm 
was awarded the Nobel Prize for this discovery 

In fission, the nucleos is stunolated by the capture of a neotitm 
which strike it Immedutely or tomebme with a slight delay 
the nucleus become unstable, breaks mto two roam fragmentj 
which arc nuclei of elements of medium atomic weight, and ipflb 
out several neutrons 

The atomic nudei produced as fragments and the several nen* 
trons rush apart at high speed from the pomt where the fission 
occurred The neutrons, bong imcharg^ move rather freely 
through sohd matter but the nuclear fragments arc qtudJy 
brought to rest by colliding against other atoms of the matcnal m 
which the fission occurred 

Of the clcmenb occurring fn nature, only nraiuutn, tboritnn, 
and protoacbnium are now known to be capable of undergomg 
fission 

Fisdonable. See Ffariki. 

Fission product An isotope; usually radioactive, of an clement m 
the middle of the periodic table and produced by fission of * 
heavy element such as uranium 

Fmctional distillatiotL Process of separabon of one or more com- 
ponents of a mixture of substances with different boiling points 
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bj carcfoUy boilmg off only part of the merttge. Properly done, 
substances may be fiudy cleanly scpanled from each other 
Frequency In o mf orm arcakr mobon or m any penodic mohon 
the number of rcsolnhons or cycles completed m rant time. 

G amma ray A nomnatenal sbort-s^a\c radiabon emitted by some 
ladKHctn'e atoms It is of the same general nature as the x ra}‘S 
produced by a high voltage x ray tnbe. Gamma radiahcm resem- 
bks X radabon and ordmaiy light m bemg related to clectro- 
magnebe waves, but diffas from other atomic radnbons in that 
It comes from the nucleos of the atom rather than from the dec 
trom outside the nadeus which arc the source of light and x rays 
G» fmphficatfon. The gas amplificabon is the rabo of the chai^ 
collected to the charge produced by the mihal lomzmg event 
Gc^-MuDcr counter A system of dectrodes, osnaDy a cjlmdcr 
and concentnc wue m a gas The center wire b at a posrtg'C 
potenhal svsth respect to the cyimder Under smtable condibons 
an tomzing e\ent may produce ions in the ps which m turn 
create a omfonn n oltage pulse between the deebodes independent 
of the sine of the mihal lonmng cicnt 
Gdgei r^jon- The Geiger region is the loltage mterval m which 
the charge transferred per isolated count is independent of the 
dmge produced by the mitral lonmng ei-cnt 
Griger threshold. The Geiger threshold of o ladabon counta 
tube ts the lowest operating soltage at which the charge trans- 
ferred per isolated count is substantial]) independent of the lu 
ture of the unbal lonmiig cvcoL 

^^eometry factor The faefaon subtended bv the de t e ct or of the 
total sohd angle as seen by the radioactn c source. 

Half nfe. The length of fame it tales a sample of radjoacfa\-e iso- 
tope to decease to half of its ongmal amount bs ladioacfa^-e dis- 
mtegtalxon The nnmber is a physical const an t chaiactensfac of 
the isotope, and independent of the particnlar amount ongmaHv 
present, and of cxtemal condibons such as temperature and 
pressure. 
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Half thicVnos. Thickness of absorbmg matexol necessary to re 
ducc the intensity of ladiabon by one hall Usually appli^ only 
rviien absorption obc}3 the eqxracnbal law 

Heavy hydrogen* See Hctitcnnm. 

Heavy water Water m vduch aH or nearly aH the hjdrogcn o of 
the heavy isotope called dcntcntim In ordinary water only aboct 
one part m 5,000 of the hydrt^cn is dcutenum* The prepanteo 
of heavy water from ordinary water is an expensne sepanhoo 
process, mostly based on dectrolysis of water by a metl:^ on^ 
mated m the Umted States by Washburn, of the National Bnican 
of Standards 

Since most of the weight m a water molecule n doc to the 
arygen, doubling the waght of the hydrogen only changes the 
molecular weight from 18 for ordinary water to 20 for bcary 
water Smcc hesvy water molecnles arc of pracbcaDy the same 
size as ordinary water molecnles, heavy water is about 10 pa cent 
more dense than ordinary water 
Heavy water is useful as a modetator m certam special forms 
of the uranrum pile. 

Helnnn* Second clement m pcnodic table; nndens is alpha par 
bde. 

Hold-up. Teem used to describe the amount of valuable matoul 
bed up m p rocessing 


ImtlaHonizmg event An raibalionizmge\'entisaniomznigacnt 

which mibates a count 

Integrating circuit (a) An clecbomc circuit which rccordsatiny 

time an average value for the number of even b occurring pa nan 
bme. (b) Electnc circuit which records total ntnnba of lon* 


collected in a given time. 

Ion. An atom or molecule which cames an dectnc charge. 

Ion nation. The process by which an atom which n ordinarily dec 

tncaDy neutral acquires an electnc charge. For esamplc, m dtt 
tncal discharges, as m dcclric arcs and neon signs, some of the 
atoms lose one or more ofihe outa dectrons and are left with * 
net positive dcctnc charge. Atoms can be loniicd by absorpboo 
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of light or absorphon of x rayj or as a rcsidt of bang struck br 
an electron An atom Urns ionized is called an ion. 

Ionization chamber. Instmment for mcastmng directI} the amoimt 
of lomzabon ladioactnity prodaces m air or olha gas A volnme 
of gas m svhich a field oasts due lo a system of charged dectrodcs 
Ions produced m the gas by an lonizmg event arc collected at 
these electrodes The ion current is a measure of the character 
and mtcnsitv of the raduhons 

TnnT ^I ng cvcnt. An loamng event ts anv event m which an ion is 
prodaced. 

Isobars. In nuclear science, two atoms with different atomic num- 
ber but with the same mass numba For csampl^ cadmium 115 
andmdinm nj,ncptunram--59andplntomtim 259 
Isotope. Aspeaesofandcmentmwhichtbcatomsareofnniform 
atomic wci^t Atoms of a given dement which have different 
nranben of nentrons m the nudeos and tharfore differ m mass 
orwa^L 

Most chemical elements occur as a mneture of several isotopes, 
i-Cn as a mixture of atoms which are alike m chenucal pr o p c ti es 
bet fan mto several gioup s according to waght For example, 
thlonnc is a mixture of twxi kmds of cblormc atoms having rough 
atomic weights of 55 and 37 Uianiom occunmg m nature a a 
nmturcofU ** (also written U 253) an colopc with weight -35. 
U*** an Botopc with weight -jS^and a very mmntc amount of 
an isotope with weight Zyf. In tiie svmbol designating a particu- 
lar Dotopc, the rough atomic weight is usually w n tl e n m the 
Jvmbol thus C**-' C'* U’** U’** (See also Atom and 

Nodens) 

separation methods. (Used m scpaiatmg from 

U *’ ) Became isotopes of the same dement have almost iden 
heal physical properties and idcnbcaJ chemical pro pa ti es, the 
problon of separating them from one anotha is extr e m dv difi 
Several methods developed in the laboratorv before the war 
Grtcnded to full-scale factory production to obtam uranium 
fox the atomic bomb project, AD the plants so developed were 
constructed at Oak Ridge, Tcnn 
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(a) Mass-spectrograph method In this method the raatool, 

some volatile componnd of uramum, is passed as a vapor into m 
clcctnc arc m a vacuum tank, Thu ionizes the uraniom atoms 
(leaves them positively charged by knockmg o5 one or more of 
^e neutralizing dectrom outside the nudeus) The lomicd 
atoms (called ions) arc then accelerated by application of high 
wltage. The whole tank u placed between the poles of a Uip 
electromagnet which causes the ions to move m arcnlar patH 
the radu of which depend on the maw of the loiu The ions of 
two isotopes of uramum^ U*3 b move m paths of 

slightly different radn and so can be collected m separate con- 
tamers 

For the atomic bomb pro|Cct thu method was developed at the 
Univcisity of California 

(b) DifFunon method depends on the fact that when a mu 
tnre of gases u allowed to diffuse through a membrane, the mol^ 
culcs of Lghta waght get through more rapidly than the heavy 
ones lesulhng m a partial separation of the mixtnre. Actually 
when the gases are as similar m weight, as volatile compounds 
containing the two isotopes of uianium, the degree of sepaiabon 
attained by one passage through a membrane u occecdm^ 
minute In orda to achieve a useful degree of separabon it rs 
necessary to arrange for the gas to be diffused successively throng 
many hundreds of membranes 

The research for this method was earned on in New York Oty 
at Colombia University 

(c) Thermal diffusion method depends on the fact that when 
a gaseous or liquid rmiture is maratamed under conditions whert 
one part of it is hot and another cold, there is a partial separabon 
of the mixture, with the differences in composibon corresponding 
to the differences m temperature. This is also a vet) minute 
effect and arrangements must he made to augment the effect by 
repebbon of the p r oce ss 

Isotron Device for clectromagncbc separabon of isotopes in which 
the lon source is of large area, rather than a slit as m the usual 
mass spectrograph 
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Lattice. The geometncal arrangement of the arainam or plo- 
tormnn rods m a pfle. 

Lcagth of a plateau- The length of the plateau a measured from 
the Gager threshold to the \oltage at which the slope desTates 
appreaablv from a straight hnc. 

linear accelerator A high-\oltagc maefame used for acedetatmg 
particles It is similar to the oclotron except that the particles 
arc accelerated m a straight hue b% the repeated appheahon of 
\n1 hig r to a number of electrodes through uhich the particle 
passes. 

Tjnwrr amplifier An electronic amplifier whose gam is constant 
for a wide saiubon of amphtude of mpot signal Hence, the 
output ngnal may vary linearly with the mpot signaL 

Magnetron- Apparatus for electromagnetic separation of uranium 
isotopes (not actuall) used m U ** produebon) 

Mass. The quanht) of matter effectn. civ the same m waght 

Mass-cnagy equrralence. This fimdamental proposition, entm 
ciatcd by Einstcm m 1905 os one of the important practical con 
sequences of the theorv of rclatmtv states that when anvthmg 
gi\-cs off energy it also loses weight or mass 
By the formub gis-cn by Elinstcm for this equivalence, the 
complete destruction of 1 pound of mass would be accompanied 
b} the release of 10.66 billion tilowatthoun of energj (In the 
umts used m pure phvsics the destruebon of 1 gram of is 
cqun-alent to the release of 9 X 10 " ergs of cnergv ) The size 
of this figure can be seen bv comparison with the total electric 
power produchon m the United States winch, m 1944, amounted 
to a httle o\a 279 bilhon kilowatthoars, the cqun-aJent m mw, 
according to this formula, of -.6 pounds 
Tim law is presumably true m all cases but m the ordinary 
hnrmng of a fuel the loss m mass is too small to be obsen-ed. In 
the releases of atomic encrg\ produced thus far which are mil 
bons of times greater for the mass of materials m\-ol\-cd ftur. m 
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ordinary fuel combustion it most be rcmcrDbcred that less than 
1 per cent of the total mass of material mvolvcd is actoaHy coo 
sumed 

Mass number This is another tenn for the rough atomic vvaght; 
approximately the weight of the nucleus It t^ the total num- 
ber of protons and neutrons m the nucleus It should not be 
confused with atomic nnmbcr which gives at once the number 
of protons m the nnclcus and the number of electrons outodc 
the nucleus 

Mass spectrograph. Instrament for sortrag out and legistcnDg the 
masses of atoms and light molecules is made possible be 
cause the path of an ion in a magnehc field is curved Particles of 
different masses travel curved paths of slightly different radm 
Meson (or Mesatron) An intermediate particle of aboat aco 
electron masses and a half life of a i x io“® found either posi- 
bwly or natively charged 
Mev Milhon electron volb 
Mioo Prefix meanmg one mflhonth 
Millt Prefix meaning one thousandth 
ModcratoT This is the name gn^ to any matcnal used for Ibe 
purpose of slowing down the average sp^ of a group of nen 
tro^ by means of unpacb of the nentrons with the atomic nucki 
ra the irutenal of the moderator It is essential that the nocki of 
the atoms m the moderator do not absorb or capture the ncotions 
but merely act as buffers to slow them down and absorb part of 
their energy The moderator is an important constituent of the 
energy and plutomum produang uranium pile. Thus far graphite 
has been used most frequently although it must be speoaHy 
manufactured to avoid contaminabon by ccrtaiu elements, espe- 
cially boron, which strongly absorb neutrons Smcc the neutions 
lose energy by elastic impacts with the nuclei m the moderator 
rt IS desirable to have a matcnal of low atomic wa^t Because 
ordinary hydrogen absorbs too many neutrons, ordinary water a 
meffeebve. Heavy hydrogen (dentenum) in the form of heavy 
water IS good although ib cxtracbon fitim ordinary water is m 
expensive process Metallic beryllium is also a suitable moderator 
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Mokculc. A chemically dotmct grouping of atoms which cannot 
be further brohen down without digging its nature, c g, HjO 
(nater) CaHaOH (alcohol) CaHg (benzene) CaHiaOe 
(grape mgar) CaHj CH,(NO ), (TNT) 

Molbpbcation factor The niimber of neutrons produced for c\ ery 
neutron disappeanng m a cham reaction system (pfle) If the 
factor 13 equid to one, or greater the chain reaction proceeds 
■\Vheic the factor is less than one, the chain reaction cannot mam 
tain itself 

NqjhmhmL A new chemical clement not occurring m nature, 
whose atomic number is 93 and atomic weight is -39 
It rs produced m the uraiiium pile as an dement mtermedute 
m the process of making plutonmm When a U**® atom m the 
pile captures a neutron, it becomes U**® which is iadjoacti\'e, 
emits a beta particle, and is thus transformed mto Np*®® This 
hnd of neptunium a also radioactn’e and emits another beta 
particle whereby it u transformed mto Pu *® plutomum, the 
fissionable material used in makmg atomic bombs 
Nepbmium, like plutonium, was disccnTred by Segre, Scaborg, 
Kennedy and Wahl, at Bcrlclc) Calif, m 1940 
Neutron. A particle with no dcctnc charge, but with a mass ap 
prouiuatcl) the same as that of the proton, about 1 67 X io~®* 
gram In nature, neutrons arc locked up m the nucleus of an 
atom, but they can be knocked out m \'anous kinds of atom 
smashing expenmenb The number of neutrons m a particular 
nucleus is found by subtracting the atomic number from the 
rough atomic weight. 

Neutrons were discdvcred m 1932 by Chadwick (Bnbsh) He 
obtained them m a free stale by bombarding bcrylhum atoms 
with alpha partides from radinm. This knocked the neutrons out 
of the bcrylhum nndci and is still a useful laboratory way of pro- 
daemg streams of free neutrons of low mtcnsity 
Neutrons pla) an especially important role m the pracbcal 
atiIi2ation of atomic energy because when a uiamum atom under 
§oes fission through the capture of a neutron, several more ncu 
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trons arc produced wiuch contmue the process by the mcchaman 
of a chain reachon 

Because they arc clectncally neutral, neutrons can more ratter 
freely through most lobd materials They are, however scattered 
by nnpact with the nuclei so that they move through matter by 
diffusion rather than by direct forward motion litew^ they are 
absorbed to some ortent, the free neutrons bang captured by 
nucla to form new isotopic atoms which arc m some cases radio- 
active 

The ability of nucla thus to capture neutrons vana cnor 
mously from one atomic speacs to anotha and dqicnds very 
greatly on the speed of the ncnlrons Some substances arc ahnort 
transparent to neutrons, others almost "opaque There a no 
tnown substance which will act liVe a wall for neutrons md 
bounce back aU the neutrons that strike it m the way that a sted 
bo 3 cr wall bounces back the molecules of steam that strike it 
Non-sdf-qoenchmg coemta tnbe. A counta tube whxh icqiura 
the use of a quenchmg araut to terminate the dis ch a r ge. 
Normahred plaitam slope. The nonimhred plateau slope is the 
slope of the substantially straight portion of the counting rate 
voltage characteristic ac c e ss ed as a rabo of the percentage change 
m counting rate near the midpomt of the pbteau to the pa 
centage change in operating voltage 
NncJcni. The central part of the atom, which makes np most of 
the waght of the atom and u charged with positive elcctnaty 
Atomic nucla are, it is now believed, made up of two lands of 
frmdamcntal parbcles protons and neutrons 
The total number of particles of both lands m the nucleus a 
given by tbe rough atomic weight The numba of protons h 
given by the atoimc number The number of neutrons can thus 
be found by subtracting the atomic nomber from the atonuc 
wcighL For caample, m nramom-ajS the total number of pro 
tons and neutrons is 338 The number of protons alone, given by 
the atomic number of nranium, is 9a Hence, by subtraction, the 
numba of neutrons is 338 — 9a = 146 

In the atoms of certain dements the nudci, althongb all having 



Ghtsdjy 

the sanie number of protons the same atomic number differ 

as to atomic weight (sec Isotopes) For ciamplc, most h^ t ir ogeu 
atoms have a smgle proton for a nucleus Consequently hydro- 
gen 13 said to have an atomic weight of i But there axe hydrogen 
atoms with a nucleus compounded of one proton and one neu- 
tron- These heavier atoms can be separated from the lighter more 
normal hjdrogen atoms to make heavy hydrogen (deutenum) 
a material with the same chemical properties as h)'drogen, but 
mfli a rou^ atomic waght of a Some dements are represented 
by atoms of many different weights Every atom of mercury for 
instance, has 8o protons m its nudeos, hut with respect to atomic 
weight, it mav fall mto any one of seven different vaneUes havmg 
the rough wa^ts 196,198 199,000 -.01 000, and 004. 

At the trme progress in fundiamental science W’as mtcmipted 
by the Vi-ar the basic problem was to learn the nature of the forces 
iduch hold tc^etber the particles m the nucleus Evidcntlj forces 
of a new kmd must play a role here for the neutrons, being nen 
tial, are not affected by dectnc charges, and the protons, bemg 
an poabvdy charged, would fly apart if then mutual dectneal 
repulnoTU v.ere not overcome by some special nudear attractions 
The nature of these forces is as yTt not fully known 

Ohm. Umt of dectneal re sista nce 

Operating voltage. The operatmg wltage of a radiation counter 
tube IS the wltage across the tu’te m the quiescent state 

Oienbooting. A counter 1$ said to ov-enhoot if the change m ^'olt 
age of the anode n greater than the overvoltage. 

Oiendtagc. The o\’Cr\'oltage of a radiation counter tube is the 
difference between the operahng voltage and thcGciger threshold 

Periodic table. An arrangement of the chemical dements, first 
made by Menddeeff (Russun) to show resemblances among 
them with respect to their chemical properties 
In this table the dements are arranged in rows by order of 
atomic number When this arrangement is made, it is foimd that 
the elements m certam groups and in certain \’eitical columns of 
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the table are those exhibiting similar chemical propcrbei. For 
example, elements m the ngh^-hand colnmn of the table— hchom, 
neon, arg on etc.— arc all inert gases 

The reason for this penodic recurrence of nmibr chemical 
properties in the elements arranged in this way is given by the 
theory of the electronic structnre of the atom developed by Bohr 
(Damsh) and perfected by Paoh (Austrian) For hts contnlm- 
hon to this work, Panh, now at the Institute for Advanced Study 
m Prmccton, N J., was awarded the Nobel Prize m pbyna m 
November 1945 

Pile. This term refers to the particular a rrang e m ent used to pro- 
duce a cham reaction with nranmm for the purpose of pitKloang 
plutomum or for getting heat energy for generation of poaa 
The Atormc Energy Commission has adopted reactor as a pre 
ferred term for pfle." 

The original pile was built on the campus of the Univemty of 
Chicago and fiirt operated on Dccemba a, 194a. It consisted of 
blocks of graphite mt er spe n ed with lumps of metallic marmnn, 
the whole b^g rougjily m the shape of a sphere coDtanung 
12^400 potmds of urarunm metal 

Subs^uently several other pfles were built for special purposes 
pnor to the construction of tie large plotonium production i^int 
at Hanford Wash- 

The underlying idea of the pDc may be explained simply The 
neutrons released m fission have such high speeds that they are 
not very effectively captured again to produce further fissions and 
to carry on the cham reacbon. Only neutrons at very low speeds 
will produce fission, those with high energy tend to pass n^t 
throng the nuclear targets at which they arc aimed without 
splitting them To reduce the sf>ecd of the neutrons it a neces- 
sary for them to diffuse m some matcral of low atomic weight 
where they will lose energy by elastic impacts with the atoms of 
tins matenah 

In the pile the moderator material e kept ra laycn or lumps 
separate from the uraniam. The is nece ssa ry because uranitnn 
has a strong tendency to absorb neutrons of medium speed m 
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a u'ay that does not result in fission The neutrons which become 
effectn-e are those which are slowed below this speed m the mod 
crator and diffuse back into the nianmm to produce more fission 
Since their primary object was plutonram produebon and not 
beat, the piles that have been built thus br have been kept at 
rehtwely low tanperatures either by dry air coohng or by water 
coohng pipes For power produebon it will be ne cessar y to work 
out engmeenng designs which permit the pdes to operate at a 
temperature to generate steam for use ra steam turbines 
dr ivin g electnc generators 

The detafli of pile design will vary greatly dependmg on the 
pnmaiy purpose of the pile, the moderatm material which is 
chosen, and depending on whether natural uranium or uranium 
with enriched U**® content is used In operabon a pile becomes 
enormously radicacbvc, so that all work connected \nth it must 
be done by remote control, behind \tr) thick absorbing walls to 
ascid dangerous bums to the opciabng pcnonncL Tbe whole 
future of the peace tim e use of atomic cncig) depends on the 
success with which pfla can be devulopcd for vanous special 
purposes 

Fblcaii, The pbteau a the approxiinatclj horizontal porbon of 
the counting rate voltage duractensbe of a radiabon counter 
tnbe. 

PlntunionL A new chemical element not occurring m nature, 
whore atoimc number is 94. It was discovered by Segre, Scaborg, 
Kennedy and Wahl working at Berkeley Cahf, in 1940 Plu 
tomum (symbol Pu***) is used in making atomic bombs, the 
large plant at Hanford, Wash, ha\mg been designed solely for 
ib production This highly radioacbvc clement is formed as a 
result of two successive beta parbclc transformaboos from U *® 
which itself o produced m the uranium pfle (See Neptunium ) 
The isotope Pu*®» n an atomic ocplosn-c like 

A radioacbve element of atomic number 84 and ap- 
ptonmatc chemical mass 310 named by Madame Cune, its d^^ 
coscrer 
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Poritron Positive electron, appcan m certain decays of radioactive 

substances and in cosmic radiabom 
Pemer A distinction should be made be t we en power and ene^ 
Power differs from energy m that it bnngs m the element of hm# , 
The faster a given amount of work is to be done, the more poaa 
IS required. The amount of energy required is the same, regard- 
less of the time m which the work is done. 

The simplest direct umt of power is the foot pound per second, 
which IS the amount of power needed to lift a weight of i pound 
vertically at a speed of i foot per second The most familiar dee 
tncal power unit is the kffowatL 
The relations between the common power units arc as follows 

Number of 
foot pounds 


Umt per second 

Watt 0 75756 

Hotsepowa 550 

Kilowatt (i/x» watts) 737 5 ^ 


It IS rmportaut to recognize distmctly the di ffe rence between 
a kilowatt of power and a kflowatthour of energy A Idlowatthour 
measures the work done by a device dehvcnng a kilowatt of power 
for 1 hour To say that the installed capacity of a power genent 
mg stabon is 40/x>o kilowatts is to say that it can dehver energy 
continuously at that rate, and docs not give the total amount of 
energy delivered m any given penod of bme. 

Since 1 pound of uranium undcigomg fission releases 10,4 
million lalowatthoun of energy it follows that the utfluation of 
10 tons per year of uranium would provide a steady ou^nt of 
power of 


10 X acco X 10,4 X 10® 

365x14 


-.3 7 million kflowatb 


Piediisociation. A pi oce as \yy which a complcs molecule will lose 
energy by dissooabon before it has had an opportunity to radiate. 
Proportional co unt er A S)'stem of dectrodes m a gas m which the 
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nombcr of ions pcodaccd in the gis produces a pulse lishich is 
pi op oibcmal to the number of ions produced m the gas bj the 
pomaiy ionizing particle. 

Proportional region. The proportional region is the \oltagc m- 
tcnal m v.hich the gas amphficabon is greater than 1 and in 
rihich the charge collected 15 proportional to the charge pro- 
duced by the initial lonmng cv’cnt 
Prohjactnumn. A hea\y clement of atomic number 91 atoimc 
weight 231 capable of undcrpimg fission on neutron capture. 
Tho dement 15 ertremely rare and for this reason mil piobablj 
not find practical application m atomic cneig) de\eIopments 
P ro to n. A small particle with a positnn elcctnc charge equal nu 
mcnally to the ncgatn'C dectnc charge of the electron, 1 60 X 
io“i® coulomb A single proton mahes np the enbre nucleus of 
the ordinary hjdrogen atom. The nudci of atoms of other sub- 
stances contam a number of protons gi\tn b) the atomic number 
of the dement The mass of the proton is so small that it tabes 
2.72 X 10*® of them to make 1 pound The mass of the proton 
IS, hrmever 1,8-0 times greater than that of the deebron 

Quantmn. A discrete parbclc of cnergs (according to Planck) 
Qaenching The process of tenmnatmg the discharge m a counter 
tube. 

Qacnchmg circuit A cncuit whidi causes the discharge to cease. 
Qncnchmg vapor Pol^’atotruc gas used m Gegcr Muller counter 
to “quench” or cxbnguish a pulse thus duninabng need for a 
iCTTul quenching resistor or dcctionic arcuit The quenching 
acbon of sapor is due to the fact that it absorbs oltrasiolct photons 
cuiltcd bs eicited atoms and presents emission of sccondarj 
dcctiom when ions reach the cathode. 

^^^<hatkrti. Particles, x raj-s, gamma ra^'S, or light mo\ing betw cen 
or part atoms, and not part of their stable structure. Radtahon 
consists of am clcctromagncbc quantum or ans mosing electron 
or nuclear parbclc charged or uncharged 
*^*hoacti\t cqoilibnmn. The stale which presails when the 
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amount of a radioactive isotope stays constant because new atom 
arc being formed at the same rate at which they dmntegate 
through radioacbvc decay 

Radioactivity A property of certam elcmenb whidi causes tbar 
atomic nuclei spontaneously to disintegrate, gradually trammot 
mg the onginal elements into othos of diffcnmt chcinical prop- 
erties The radioactive atomic species occurring in nature mcln^ 
all elements whose atomic nomber is greater than that of lead. 
Since 1930, physicists have succeeded ra transmuting nearly aD 
the chemical elements into radioactive forms by artificial bom- 
bardments Many such materials are also produced as fission 
products 

The radiabons emitted by radioactive materials have proved 
very useful in the study and treatment of cancer and other tumor 
ous diseases, and m medical diagnosis and therapy genoally 
Rapid developments in this field may be expected now that 
abundant supplies of mdioactivc mateials can be provided by 
uranium pOes 

The rate at which radioactive materials transform b measured 
by time mlcrvals, called the half life; ra the first half life, the 
amount of material left nnehanged is half the onginal amount; 
m the next half life interval, half the remaining amount, or on^ 
fonrth the onginal amount, remains The half life of diffcroit 
materials vanes widely for aramnm-238 it is 4^7 bifiion years; 
for radium it is 1 690 years; for polonram-aio it is 156 days, while 
for a special isotope of polomum (214) the half life b only about 
a millionth of a scconi 

The radiabons emitted by ndioactive matcnals arc of three 
types, alpha parbdes, beta paibcles, and gamma rays When an 
alpha parbcle is emitted from the nucleus of an atom, the atomic 
weight is diminished by 4 and its atomic number by 2 For a 
ample, whoi U*** cimts an alpha paibde, the remaining nadeffl 
becomes an isotope of thonum, Th**^ When a beta parbde u 
emitted the atomic number is mcrcased by 1 nnee the beta par 
hclc cames away a negative clectnc charge, but the rough atomic 
weight IS nndiangcd because the of an electron ts so small 
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Tlnu, the thonum isotope Th*®‘ produced from U*®* is itself 
radioactisc; ermts a beta parbclc and becomes Pa®*'* an isotope 
of pcotoactmium Emission of gamma radiabon by an element 
docs not change its atomic number or atomic r^aght but occius 
m dose assoaabon mth the emission of alpha or beta particles 
B«rtTTTm. Aradioactivecleraent.Atomicnumber88,atOTmcy.eight 
2-^05 

Ridon- A radioactn'c gas, an dement with atomic number 86, and 
chamcal mass 222 

Rate meter See Integratmg circoit (a) 

Reactor ‘Reactor” h^ been adopted b> the Atomic Energy Com 
mission as a p r e f er r ed term for a “pile," 

Recoroy time. The tune mtCTNal, after recording a count, before 
the pulse* produced by the next lonmng c\mt in the counter arc 
of substantiallj full size 

Region of limited proporbonality The region of hmited proper 
bonahty u the voltage intenal below the Geiger threshold m 
ribch the gas amplification depends upon the number of ions 
produced by the initial lonmng event and also on the operatmg 
voltage, 

Rdatne plateau ilope. The relative plateau slope is the average 
slope of the plateau ex pr e ss ed as the percentage change in the 
countmg rate near the midporal of the plateau per 100 volts 
change m the operating vxiltagc 
Reproduction factor Same a* roulbphcabon factor 
Resolving bmc. The mmunum time mtcnal between counts that 
can be detected Resolvmg tune may refer to an dectromc oremt, 
to a mechamcal recording devnee, or to a coimter tube 
^Icsonance energy Particular energy of bombaidmg parbclc for 
'^hich nudens is occcpbonally r e a c h ve. 

Rooitgea (R) TTut qoanbty of radabon which produces one 
clcctrostabc unit of dectnaty of either sign per cubic cen tim eter 
of an at standard pressure and lonpcratuic. 

^o®tgen ray* Commonly known as x ravs 
RtttheifonL lo® dmntegrahon per saond 
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Scaling orcnit oi scakr An dcctromc circuit capable of djvidmg 
the incoming pulse rate by a constant factor so that mechanical 
methods for recording the pulse may be used 

Sclf-absorptiom Absorption of ladiationi by the source mataal 
itself 

Sclf-qncnchiDg counta tnbe. A counter tube m which the dis- 
charge ceases due to an mtemal mechanism withm a counter tube. 

S epara tion factor Same ai enrichment factor 

Sl^ nentrom. Neutrons which have been bounced about m a 
large block of paraffin or water and have lost most of tbcir energy 
\Vben their v^docibci arc comparable to that of hydrogen atoms 
in paraffin or water the neutrons arc called slow nentronj 

Spurious cormts. Spunous counts are counts caused by any agency 
whatever other than radiabon 

Starting potcntiaL Starbng potential for a pulse type iontxaben 
chamber the lowest amphficahon for which pulsa will be rtgis- 
taed by the detecting circuit 

S ta rt in g voltage. The minimtun voltage which most be applied to 
a counter tube to cause it to count with the parbcular recording 
crrcuit which may be attached (symbol V ) 

Statistical time lag. The tnne b e t w een the occurrence of the pn- 
mary ionizing event and the occuncncc of the count m the counta 
tube 

Supply voltage. The vtil tage which must be supplied to the counta 
arcuit in a counter tubc^ and a quenching oremt (*y® 
bolV») 

Tbcnnal diffusion Method of scpaiabon of uranium isotopes de- 
pending upon higher rate of movement at given temperature for 
light parbdes 

Thermal ntflirabon factor Frachem of slow neutrons m pfle ab- 
sorbed by the uiaruum m the pile rather than by the moderator, 
mipunbcs, fission products, etc. 

Tbonom- A heavy clement of atomic number 90, and chemical 
mass 231 12, which is capable of undergoing fission on capbuc 
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of a fast iJCutroiL Thonum has thus fax not found apphcabon m 
atomic power producbon 

Tnccr A radioacti\*e isotope used m experiments and so called 
beaosc it can be traced through the %anous chemical or biologi 
cal processes 

Transmutation The process of changing an atomic nucleus to one 
of different atomic number or atomic weight bj bombardment 
mth midear parbcles from the outside, as m a cyclotron or pfle. 

Ta nsman fe elements. Elements with atomic numbers higher than 
that of uranium (number 92) For example, neptunium (9^) 
platommn (94) 

Tntrnm- An ai^ctaTly produced radioisotope of hjdrogcn, ap- 
protmately three times as hea\') as the ordinary hj-drogen atom 

fhmfnm The cnbcal element that is used in the atomic bomb 
sod m atomic po^'cr producbon because of the abihtj of its atoms 
to undago fission si hen it absorbs neutrons 

Uranium has an atomic number of 92 and consists mostlv of 
tno isotopes of rough atomic weights .58 and 23^ The U**® 
naVes up 99 3 pa cent and the U**® about 07 per cent of the 
natural metal Mmote amoonb of are also found m natural 
oramum. 

Uranium was discm*aed in the )'ear 1789 as an element occur 
nng ra the mmeral pitchblende. It was not prepared m metallic 
fonn until 1841 The di3co\*ery of its natoral radioactmt} was 
®ade m 1896 b) Hcnn Bccqucrel and - \cars lata the much 
nwte intense radioactrsitj of radium was discos cred b} Pierre 
»nd Mane Cunc 

Smcc radium always occurs in nature in associabon with ura 
nmm bcarmg nunerals, most pr o spectang for uranium heretofore 
has been for the pnmaiy purpose of finding radium Some ura 
morn has been used in catam ahoj steclr also uranium com 
P^nnds find apphcabon as pigments in the ceramic and glass in 
^Qstnes It u-as used m amba signal lenses and in glass of special 
coefficient of expansion for glass^o-metal contacts in radio tubes 
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Pnor to the discovery of fission, hoTr’Cvci, no very important nsa 
for uranium had been discovered. 

Unmimn ores. Although uomnim is contained m over one htm- 
died nuncrals, only two— pitchblende and caraobtc— arc of grot 
importance. It is estiraated that uramnm is present m the earth t 
crust m the proportion of about four parb per milhon Early 
rough esbmates were that the nuclear energy available m known 
world deposits of uramum is adequate to supply the total power 
needs of this country for 200 years (assuming ntiliTabon of U*** 
asi^-ellas U**®} 

Pitchblende is found m mctalhferous \'eins, notably m Bohemn 
and Saxony The most important uramum mineral deposits are 
m Jachymo\ m Czechoslovakia, m Colorado, m the Bdgan 
Congo and at Great Bear Lake m Canada. There arc also nnpoi 
tant depoats m Tjama-Mujun, Ferghana, East Turkestan, a re- 
gion belonging to the Umon of Soviet Soaalirt Repnbhcs In 
1923, it was estimated that the uramum content of these deposits 
amounb to 60 tons Other deposib, widely distribated throng 
out the world, arc not nch enough to be worked at present m 
compebbon with the mam dcposib 

In most minerals there arc a 8 milhoD grams of niamom for 
ci'CT} gram of radium 

In the nuncs of Czechoslovakia and also of the Belgian Congo 
the a\*erage yield of radium is about o 1 gram radium per (metne) 
ton of ore. 

Most of the importabons to this country during 1942 and 1943, 
the last yean for which nnportabon figures arc available, were 
from Canada and the Belgian Congo 

Pitchblende of good quahty aintains as much as 80 per cent of 
manoso-uiamc ondc (UjOg) It is a brown to black ore with 
pitch hkc luster in the torm of crystallized nramnite. 

Camobtc, the second mam source of nranium, has been dis- 
co%*ered m Arizona, Colorado, and Utah It is found as a camaiy- 
ycUow impregnabon m sandstone. Production of this ore climbed 
steadily durmg the middle thubes fr om 54 short tons - 

1934 to a high of 6256 m 1939 The ds of ora 



ccbacted from the ore produced m 1959 were 59^69 The actn2] 
atent of dcposib ha3 not been drnilg^ 

\olt. Unit of cicctromotn e forcc» nhich causes the flow of dec 
tnc cmrenL 

Voltige pabc. A change m \-olts of the central electrode sj-stem of 
tite counter tube. 

WiTtlcngth. The distance between the top of one wa\-e and the 
top of the next succeeding one. 

Wod. Force tunes distance The amt of work is the erg. 

X Qss. Imisible, penetcatmg, high-frcquencv light ravs 

Y>di The tabo of the obscr\-cd coantmg rate of a radjoactnt 
Rinple to Its drsmtegtaboQ ate. 
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Amojcin Standard Definitions of Electrical Tenns, American Stand 
irds Assoenbon (AIEE) 

Aformc Bomfi The Atomic Saenbsb of Chicago 
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Engmrrr Nosember 1945 

0 ., rf tiL, Medtcaf Phyna 1 car Book Publishers, Inc., Chicago 
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of Phyveed Aledxeine Council on Fhvsrcal Mcdicme, Amen- 
^ Medical Assooabon. 

ind Lange, Handbook of Chemistry end Phyncs Chemical 
Hubber Publishing Co 

IL, “How's "ionr Atomic Vocabalar>’” \Iinjng and bletd 
’ ®1* ..9 p Atav 1948 
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IngalU, Syrtcms of Weight! and Meararc*. 

Moon “Modem Terminology for Fhysfc*,” American Joami of 
P/rync* Vol i6 No a Febniaiy 1948 

Schulman, Jr “Review of Convenbons hi Ridiotracer Stndttj," 
Nudeomes p ^ October 1948 

Smyth H A (Jenerd Account of Uu D^vtlopment of Methods of 
Utmg Atormc Energy for Mihtary Purposes under the Amprees 0/ 
theij S Govt^ 1940-1945 War Department, Washington, D C, 
August, 194c 

Solomon, A. fC, Why Smash Atoms? Harvard Umvcnlty Press, 1946 

Terminology C^monly Used m Radioacbvrty Measurements, Rada- 
bon Counter Laboratoncs Chicaro III 


Umts of Weight and Measure, Dennihons and Table of Equivalents, 
U S Dept of Commerce, National Bmeau of Standards. 

(In most instances defimbons have been quoted verbatim from the 
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Caknim 103-104 144 
adioictivc, 103 13^137 143-144, 
150 

Calanm deoxidabon cons tan t, 10a 
Calaum mctapbospbate, 143 
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Caibobydrate roetabohsm, 157 
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adioactiTe, 55-57 107 136, 147- 
148 157 164-185 
Carbon (hoaide, X 57 184-183 
radiooctbo, 178 
Carbon dimlfide, 02, 93 98 
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CineitCTcIe hnbaie, 113-114 
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Dyeing prtxesJ cemttoL 97 ~ 9 * 

Dyne, loi 

Eastman, E- D lafin 
EdBon, Tbomu A 19 
Eduatum, need of, 0-21 
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124-125 
defined, 204 
Fisskm piixloft, 204 
Flmt, 118 130 
Foote, Dt, 163 
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canning of, 83 
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denned. 306 

Hdinm, 34, 37-38 39, 40, 77 83 
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Hcdd op, 106 

Homoc ^Uui e, 154 

HomtftTtg, 178 
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loo, 306 
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Lymphabc IcoLcnua, 169-170 
ijsme, 155 



Index 


^54 

MigiKsom, 
ondcof 126 
rtdwactrve, 136 
Magnetron, aoo 
Mananoe, ra{^ctiTc, 136 
MinMttm Project, go 184 
coBiDJCwotk, j24-ra8 jjo 
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